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NOVEL METHODS FOR THE TREATMENT OF INFLAMMATORY DISEASES 
FIELD OF THE INVENTION 

The present invention relates generally to the treatment of diseases or conditions resulting 
5 from cellular activation, such as inflammatory or cancerous diseases or conditions. In 

particular, the invention relates to the use of phenyl substituted cyclic, derivatives to inhibit 
the cytokine or biological activity ofemacrophage migration inhibitory factor (MIF), and 
diseases or conditions wherein MIF cytokine or biological activity is implicated. 

BACKGROUND TO THE INVENTION 

10 MBF is the first identified T-cell-deriyed soluble tymphokine. MIF was first described as a 
soluble factor with the ability to modify tihfe migration of macrophages w . The molecule 
responsible for the biological actions ascribed to MIF was identified and cloned in 1989 w . 
Initially found to activate macrophages at inflammatory sites, it has been shown to possess 
pluripotential actions in the immune system. MIF has been shown to be expressed in 
15 human diseases which include inflamniation, injury, ischaemia or malignancy. MIF also 
has a unique relationship with glucocorticoids by overriding their anti-inflammatory 
effects. 

Recent studies have indicated that monoclonal antibody antagonism of MIF may be useful 
in the treatment of sepsis, certain types of cancers and delayed type hypersensitivity. 
20 Antibody antagonism of MIF has also been shown to have activity in adjuvant- or 

collagen-induced arthritis animal models and other models of inflammatory and immune 



Although antibody antagonism of MIF is one potential way to provide therapeutic 
treatments, such biological molecules can be expensive to prepare on a commercial basis 
25 and further, can be limited in the way they are administered (generally by injection) and do 
not readily lend themselves to formulations for administration by other means eg oral 
administration. 

Small molecule inhibitors may overcome one or more such difficulties connected with the 
use of biological therapeutic treatments. There exists a need, therefore, for small molecule 
30 inhibitors of the cytokine or biological activity of MEF. Small molecule inhibitors of the 
cytokine or biological activity of MIF would have therapeutic effects in a broad range of 
diseases, whether given alone or in combination with other therapies. 
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Further, glucocorticoids have been used to treat human diseases for over fifty years and are 
effective in a range of diseases which include inflammation, injury, ischaemia or 
malignancy. Although debate continues in relation to their impact on disease progression, 
their influence on symptoms and signs of inflammation, especially in the short term, can be 
5 dramatic 

Despite their benefits and efficacy, the use of glucocorticoids is limited by universal, 
predictable, dose-dependent toxicity. Mimicking Cushing's disease, a disease wherein the 
adrenal glands produce excess endogenous glucocorticoids, glucocorticoid treatment is 
associated with side effects including immunosuppression (resulting in increased 
10 susceptibility to infections), weight gain, change in body habitus, hypertension, oedema, 
diabetes mdlitus, cataracts,; osteoporosis, poor wound healings .thinjting of the skin, 
vascular fragility, hirsutism and other features of masculirrization (in females). In children, 
growth retardation is also noted. These side effects are known as Cushingoid side effects. 

Since the side effects of glucocorticoids are dose dependent attempts to reduce the dosage 
15 requirement have been investigated, including combination therapies in which 

glucocorticoids are administered with other therapeutic agents. These combination 
therapies are sometimes referred to as "steroid-sparing" therapies. However, currently 
available combination therapies are non-specific as the other therapeutic agents do not 
address biological events which inhibit the effectiveness of glucocorticoids. Such 
20 combination therapies are also typically associated with serious side effects. 

Furthermore, glucocorticoids are incompletely effective in a number of disease settings, 
leading to the concept of "steroid-resistant" diseases. Agents which amplify or enhance the 
effects of glucocorticoids would not only allow the reduction of dose of these agents but 
may also potentially render "steroid-resistant" diseases steroid-sensitive. 

25 There is a need for effective therapies which enable a reduction in the dosage level of 

glucocorticoids. There is also a need for effective treatment of "steroid-resistant" diseases. 
Preferably, such therapies or treatments would address factors which directly limit the 
effectiveness of glucocorticoids. 

Therapeutic antagonism of MIF may provide "steroid-sparing" effects or be therapeutic in 
30 "steroid-resistant* diseases. Unlike other pro-inflammatory molecules, such as cytokines, 
the expression and/or release of MIF can be induced by glucocorticoids * 3 * w . Moreover, 
MDF is able to directly antagonize the effects of glucocorticoids. This has been shown to be 
the case for macrophage TNF, DL-1, BL-6 and IL-8 secretion ^ <6) , and for T cell proliferation 
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and IL-2 release <7) . In vivo, MIF exerts a powerful ghicocorticoid-antagonist effect in 
models including endotoxic shock and experimental arthritis ®' (8) . In the context of an 
inflammatory or other disease treated with glucocorticoids, thai, MIF is expressed but 
exerts an effect which prevents the glucocorticoid inhibition of inflammation. It can 

5 therefore be proposed that therapeutic antagonism of MIF would remove MDF's role in 
inhibiting the anti-inflammatory effect of glucocorticoids, thereby allowing glucocorticoids 
to prevail. This would be the first example of true "steroid-sp^iTing" therapy. In support of 
this hypothesis is the observation that anti-MIF antibody therapy reverses the effect of 
adrenalectomy in rat adjuvant arthritis By neutralising the natural glucocorticoid 

10 'counter-regulator' effect of MIF, it is envisioned that with MIF antagonism, steroid 

dosages could be reduced or even eliminated in inflammatory disease, particularly in those 
diseases that are associated with the glucocorticoid resistance m <u> . There is a need, 
therefore, for therapeutic antagonists of the cytokine or biological activity of MIF. 

SUMMARY OF THE INVENTION 

15 Throughout this specification and the claims which follow, unless the context requires 

otherwise, the word "comprise", and variations such as "comprises" and "comprising", will 
be understood to imply the inclusion of a stated integer or step or group of integers or 
steps but not the exclusion of any other integer or step or group of integers or steps. 

In a first aspect the present invention provides a compound of formula (I), or a 
20 pharmaceutical^ acceptable salt or prodrug thereof 
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wherein X and X" are independently selected from -CfRsV, -O-, -S-, -NCRs)-, or taken 
together form -Ct&hC^h -CO^N-, -N=C(RsK -N(Rs)-N(Rs)- or -N=N-; 

Y and Y' are independently selected from -C(Rsj 2 -, -O-, -S-, -NfORs)-, or taken together form 
-ORsKXRs)-, -COR^N-, -N^ORs)-, -Nd^y-NORs)- or -N=N-; 

Z is-CCRs)^, "0-/ -S- or -NOR5K or forms a covalent single or double bond between X' and 
Y, or Z together with X' or Y' forms -CtRjKXRs)-, -C(Rs)=N-, -N-CORsK -NO^NfRs)- or 
-NMN-; 

wherein when Z is -O-, -S- or -N(Rs)-, X' and Y' are -C(Rs) 2 -; 
when X is -O-, -S- or -NpRjK X' is -CORsV; 
when Y is -0-; -S- or -N(RsK Y* is -CO&sV; or 

X or Y together with the carbon atom bearing die phenyl group form a double bond 
wherein which ever of X or Y forms part of the double bond is selected from -C(Rs)- and 
-N-; 

R, is selected from hydrogen> Q.joalkyl, C^alkenyl, (^alkynyl, (A) n C(0)R4, (A^QS)!^ 
(AteiOfRe, (A) a S(O^R v (A) n O^, (A^ (A),^^ (A) n C(=NR,)R 10 and (A)„R 1V or when 
X or Y together with the carbon atom bearing the phenyl group form a double bond, Rj is 
absent; 

Rj and R< are independently selected from hydrogen, C w alkyl and (A)JRn; 

R 3 is selected from Q^alkyl, (AJnRn, (A) m aryl and (A) Jieterocydyl; 

Rs is selected from hydrogen, CLzoalkyl, C^alkenyl, Cwoalkynyl, (A) B C(0)R«, (A) n C(S)R«, 
(A^OJR* (A)£{0)&, (A)„OR7, (A)„SR 7 , (A^Rs), (A) n C(=NR9)R w and (A)^ 

Rs is selected from hydrogen, Q.joalkyl, Q.^lkenyl, C^oalkynyl, OH, OC,. 10 alkyl 
OQ.joalkenyl, OQ. 10 alkynyI, 0(A)£ 1V SH, SC,.,oalkyl, SQ.joalkenyl, SQ.joalkynyL SiA)^ 
N(RA [NH-CH(R M )C(0)].-OH, {NH5H(R 14 )C(0)J s -OC w alkyl, [sugar], and (A)^- 

Rr is selected from hydrogen, Q^alkyl, C^oalkenyl, Q^alkynyl (A)qR n , C(0)H, 
C(D)C MO alkyl, C(0)Q.ioalkenyl, ao^oalkynyl, C(0)-aryl C(0)(A)^ 1V C(0) 2 H, 
C(O) 2 C M0 alkyl, aOjQ.u.alkenyl, C(0)A-ioalkynyl C(0) r aryl, C(OUA)^ C(S)H, 
C(S)C MO alkyl, aSjQ.joalkenyl, C(S)Q. 50 alkynyl / C(S)-aryL C(S)(A)^ C(S)OH, 
C(SPC wo alkyl, C(S)OC 2 . w alkenyl / aSJOQ^alkynyl, C(S)0-aryl, C(S)OiA)^ lu S(0)ft 
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S(O) t C 140 alkyl, SfOA-ioalkenyl, S(0)A-ioalkynyl, S(0) r aryl, S(OUA)£ u , 
[C(0)CH(R 14 )NH] 8 .H, [C(O)CH(R M )NH] r C 1 . 10 alkyl [C^OKR^NHlrQ^alkenyl, 
[CCOCH^JNHL-Q.walkynyl, [C(0)CH(R jNHL-aryl, [C(0)OT(R JNH] r (A)<£ u and 
[sugar],; 

5 Each is independently selected from R 7 and NHC^NR^NH^ 
R9 is selected from hydrogen and C^allcyl; 

R 10 is selected from C^alkyl NH* NHCQ^alkyl), NCQ.salkyl)^ OH. OC^alkyl, SH and 



w R u is selected from OH, OC^alkyl OCx^alkylrQ-C^alkyl O-aryl, Qrheterocydyl, 

10 OiaOJGHO^jNH]^ [sugarL SH, SC^alkyl, SC^alkyl-O-C^alkyl S-aryl, S-heterocydyl, 
SlC(0)CH(RxJNHyi halo, N^)* C(0)R i6 , CN, C(R 17 >3, aryl and heterocydyl; 

R u is selected from OH, SH, NHz, halo, NO* C(R 17 )*, OCOM3 and CN; 

Each R13 is independently selected from hydrogen, C l( ^alkyl, C 2r 6alkenyl, C 2 ^alkynyl and 
(A)^ 

15 R 14 is the characterising group of an amino add; 

Each Rtf is independently selected from hydrogen, Q^alkyl, C^alkoxyC^alkyl, aryl and 
heterocydyl; 

%0 R l6 is sdected from C^alkyl, OH, C M alkoxy, aryl, aryloxy, heterocydyl and 



SQ. 3 alkyl; 




heterocydyloxy; 



20 



Each Rtf is independently selected from hydrogen and halogen; 



A is optionally substituted methylene wherein when n > 1, any two adjacent A groups are 
optionally interrupted by -O-, -S- or -NCR^)-; 



where n is 0 or an integer selected from 1 to 20; 



m is 0 or an integer selected from 1 to 3; 



25 



p is an integer selected from 1 to 20; 



q is an integer selected from 1 to 10 
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s is an integer selected from 1 to 5; 
t is an integer selected from 1 or 2; and 

wherein each alkyl, alkenyl , alkynyl, aryl and heterocyclyl may be optionally substituted. 

In a further aspect the present invention provides a method of inhibiting cytokine or 
5 biological activity of MEF comprising contacting MIF with a cytokine or biological 

inhibiting amount of a compound of formula (I), or a pharmaceutical^ acceptable salt or 
prodrug thereof. 

In another aspect, the invention provides a method of treating, preventing or diagnosing a 
disease or condition wherein MJF cytokine or biological activity is implicated comprising 
10 the administration of a treatment prevention or diagnostic effective amount of a 

compound of formula (I) or a pharmaceutical^ acceptable salt or prodrug thereof to a 
subject in need thereof. 

In a further aspect there is provided the use of a compound of formula (I) or a 
pharmaceutically acceptable salt or prodrug thereof in the manufacture of a medicament 
15 for the treatment prevention or diagnosis of a disease or condition wherein MEF cytokine 
or biological activity is implicated. 

In particular, the invention provides a method of treating, diagnosing or preventing 
autoimmune diseases, tumours, or chronic or acute inflammatory diseases, including a 
disease or condition selected from the group comprising: 

20 rheumatic diseases (including but not limited to rheumatoid arthritis, osteoarthritis, 

psoriatic arthritis) spondyloarthropathies (including but not limited to ankylosing 
spondylitis, reactive arthritis, Reiter's syndrome), crystal arthropathies (including 
but not limited to gout, pseudogout calcium pyrophosphate deposition disease), 
Lyme disease, polymyalgia rheumatica; 

25 connective tissue diseases (including but not limited to systemic lupus 

erythematosus, systemic sclerosis, polymyositis, dermatomyositis, SjSgreris 
syndrome); 

vasculitides (including but not limited to polyarteritis nodosa, Wegener's 
granulomatosis, Churg-Strauss syndrome); 

30 inflammatory conditions including consequences of trauma or ischaemia. 
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sarcoidosis; 

vascular diseases including atherosclerotic vascular disease, atherosclerosis, and 
vascular occlusive disease (including but not limited to atherosclerosis, ischaemic 
heart disease, myocardial infarctiorv stroke, peripheral vascular disease), and 
vascular stent restenosis; 

ocular diseases including uveitis, corneal disease, iritis, iridocyclitis, cataracts; 
autoimmune diseases (including but not limited to diabetes mellitus, thyroiditis, 
myasthenia gravis, sclerosing cholangitis, primary biliary cirrhosis); 

pulmonary diseases (including but not limited to diffuse interstitial lung diseases, 
pneumoconioses, fibrosing alveolitis, asthma, bronchitis, bronchiectasis, chronic 
obstructive pulmonary disease, adult respiratory distress syndrome); 

cancers whether primary or metastatic (including but not limited to prostate cancer, 
colon cancer, lymphoma, lung cancer, melanoma, multiple myeloma, breast cancer, 
stomach cancer, leukaemia, cervical cancer and metastatic cancer); 

renal diseases including glomerulonephritis, interstitial nephritis; 

disorders of the hypothalamie-pituitary-adrenal axis; 

nervous system disorders including multiple sclerosis, Alzheimer's disease; 

diseases characterised by modified angiogenesis (eg diabetic retinopathy, 
rheumatoid arthritis, cancer), endometrial function (menstruation, implantation, 
endometriosis); 

complications of infective disorders including endotoxic (septic) shock, exotoxic 
(septic) shock, infective (true septic) shock, malarial complications, other 
complications of infection, pelvic inflammatory disease; 

transplant rejection, graft-versus-host disease; 

allergic diseases including allergies, atopic diseases, allergic rhinitis; 

bone diseases (eg osteoporosis, Paget's disease); 

skin diseases including psoriasis, atopic dermatitis, UV(BHnduced dermal cell 
activation (eg sunburn, skin cancer); 
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complications of diabetes mellitus, pain, testicular dysfunctions and wound 
healing, 

. gastrointestinal diseases including inflammatory bowel disease (including but not 
limited to ulcerative colitis, Crohn's disease), peptic ulceration, gastritis, 
5 oesophagitis, liver disease (including but not limited to cirrhosis, hepatitis); 

comprising the administration of a treatment diagnosis or prevention effective amount of a 
compound of Formula (I) or a pharmaoeutically acceptable salt or prodrug thereof to a 
subject in need thereof. 

Preferably, the disease or condition is selected from the group consisting of rheumatoid 
10 athritis, systemic lupus erythematosus, ulce^ 

sclerosis, psoriasis, uveitis, atherosclerotic vascular disease, asthma and chronic obstructive 
pulmonary disease, 

A further aspect of the invention provides for the use of a compound of Formula (I) or a 
pharmaceutical^ acceptable salt or prodrug thereof in the manufacture of a medicament 
15 for the treatment of a disease or condition as above. 

A further aspect of the invention provides a pharmaceutical composition comprising a 
compound of formula (I) and a phanriaceutically acceptable carrier, diluent or excipierit 

In another aspect the invention provides a method of treating or preventing a disease or 
condition wherein MBF cytokine or biological activity is implicated comprising: 

20 administering to a mammal a compound of formula (I) and a second therapeutic 

agent 

In another aspect the present invention provides a method of prophylaxis or treatment of a 
disease or condition for which treatment with a glucocorticoid is indicated, said method 
comprising: 

25 administering to a mammal a glucocorticoid and a compound of formula (I). 

In yet another aspect, the present invention provides a method of treating steroid-resistant 
diseases comprising: 

administering to a mammal a glucocorticoid and a compound of formula (I), 
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In a further aspect the present invention provides a method of enhancing the effect of a 
glucocorticoid in mammals comprising administering a compound of formula (I) 
simultaneously, separately or sequentially with said glucocorticoid. 

In yet a further aspect the present invention provides a pharmaceutical composition 
5 comprising a glucocorticoid and a compound of formula (I). 

In a further aspect of the invention there is provided a use of a glucocorticoid in the 
manufacture of a medicament for administration with a compound of formula (I) for the 
treatment or prophylaxis of a disease or condition for which treatment with a 
glucocorticoid is indicated. 

10 In yet a further aspect of the invention there is provided a use of a compound of foxmula (I) 
in the manufacture of a medicament for administration with a glucocorticoid for the 
treatment or prophylaxis of a disease or condition for which treatment of a glucocorticoid 
is indicated. 

In yet a further aspect of the invention there is provided a use of a glucocorticoid and a 
15 compound of formula (I) in the manufacture of a medicament for the treatment or 
prophylaxis of a disease or condition for which treatment with a glucocorticoid is 
indicated. 

In preferred embodiments, the compounds of Formula (I) or a pharmaceutically acceptable 
salt or prodrug thereof are used to treat or prevent a disease or condition, particularly in a 
20 human subject 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1: graphically depicts inhibition of MDP-induced proliferation of SI 12 human 
fibroblaists by 2-(2-hydroxyethoxy)-2^4-hydroxy-»3-methylphenyl)-l,3- 
dioxolane (Compound 1). 

25 Figure 2x graphically depicts inhibition of IL-1 induced COX-2 expression by 2-(2- 

hydroxyethoxy)^2^4-hydroxy-3-methylphenylH^ {Compound 1). 

Figure 3: graphically depicts inhibition of ILrl induced. COX-2 expression by 2-(2- 

hydroxyethoxy)-2^4-hydroxy-3-methylphenyl)-l^-dioxolane (Compound 1). 



30 



Figure 4: graphically depicts inhibition of IL-1 induced COX-2 expression by 2-(2- 
hydroxyethoxy^-K^-hydroxyphenyljf-l^-dioxolane (Compound 2). 



WO 2004/089927 



PCT/AU2004/000453 



10 

Figure 5: graphically depicts inhibition of antigen-specific T-cell activation by 2-(2- 
hydroxyethoxy^-t^hydroxyphenylM^dioxolane (Compound 2). 

Figure 6: graphically depicts the enhanced effect of the glucocorticoid dexamethasone in 
the presence of 2-(2-hydroxyethoxy)-2-(4-hydroxy-3-methylphenyl>-l/3- 
5 dioxolane (Compound 1). 

Figure 7: graphically depicts the absence of cytotoxic effects of 2-(2-hydroxyethoxy)-2-(4- 
hydroxy-3-methylphenylH/3-dioxolane (Compound 1). 

Figure 8: graphically depicts the inhibition of macrophage nitrite release by 
l-(3-MethylbutyI)-4-(4-methylphenyl)-ltfpyrazole (Compound 13). 

10 Figure 9: graphically depicts the inhibition of MEF-induced NIH-3T3 fibroblast 

proliferation by 2-Methyl-2^4-m^yIphenyl)-l^dithiolane (Compound 18) 
and other compounds of the invention- 
Figure 10: graphically depicts the inhibition of Hpopolysaccharide-induced serum IL-1, 
TNF, and IL-6 in mice treated with 2-Hexyl-2^4-methylphenyi)-l i 3-^thiolane 

15 (Compound 17). 

DETAILED DESCRIPTION OF THE INVENTION 

As used herein, the term "alkyl" refers to monovalent straight branched or, where 
appropriate, cyclic aliphatic radicals, having 1 to 3, i to 6, 1 to 10 or 1 to 20 carbon atoms, 
e.g. methyl, ethyl, n-propyl, iso-propyl, cyclopropyl, n-butyl, sec-butyl, t-butyl and 
20 cydobutyl, n-pentyl, l-methylbutyl, 2-methylbutyl, 3-methylbutyl, cyclopentyk nrhexyl, 1- 
2- 3- or 4- methylpentyl, 1- 2- or 3-ethylbutyl, 1 or 2- propylpropyl or cydohexyl. 

An alkyl group may be optionally substituted one or more times by halo (eg chloro, fluoro 
or bromo), CN, NO t COjH, COjC^alkyl, COjNH* CC^NHfC^alkyl), COzN^alkyl)^ 
OHL alkoxy, acyl, acetyl, halomethyl, trifluoromethyl, benzyloxy, phenoxy, NH^ 
25 NH(C^alkyl) or N (Q^alkylV A preferred optional substituent is apolar substituent 
Examples of alkoxy include methoxy, ethoxy, n-propoxy, iso-propoxy, cydopropoxy, and 
butoxy (n-, sec- t- and cydo) pentoxy and hexyloxy. The "alkyl" portion of an alkoxy group 
may be substituted as described above. 

As used herein, the term "alkenyi" refers to straight, branched, or where appropriate, cyclic 
30 carbon containing radicals having one or more double bonds between carbon atoms. 
Examples of such radicals indude vinyl, allyl, butenyl, or longer carbon chains such as 
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those derived from palmitoleic, oleic, linoleic; linolenic or arachidonic acids. An alkenyl 
group may be optionally substituted one or more times by halo (eg chloro, fluoro or 
bromo), CN, NO* C0 2 H, COA^alkyl, COjNH* CC^NH^alkya CO.NtC^alkyl)* OH, 
alkoxy, acyl, acetyl halomethyl, trifluoromethyl, benzyloxy, phenoxy, NH* NH(C w alkyl) 
5 or N(Cj^alkyl) 2 . A preferred optional substituent is a polar substituent. 

As used herein, the term "alkynyl" refers to straight or branched carbon containing radicals 
having one or more triple bonds between carbon atoms. Examples of such radicals include 
propargyl, butynyl and hexynyl An 'alkynyl group may be optionally substituted one or 
more times by halo (eg chloro, fluoro or bromo), CN, NO* CO2H, CC^Q^alkyl, CO2NH* 
10 CC^NHfC^alkyl), CO^C^alkyl)* OH, alkoxy, acyl acetyl, halomethyl trifluoromethyl 
benzyloxy, phenoxy, NH2, NH(C 1 _ 6 alkyl) or N(C 1 ^alkyI) 2 . A preferred optional substituent 
is a polar substituent. 

Examples of suitable NH(alkyl) and N(alkyl) 2 include methylamino, ethylamino, 
isopropylamino, dimethylamino, n-propylamino, diethylamino and dwsopropylamino. 

15 The teim "halogen" (or "halo") refers to fluorine (fluoro), chlorine (chloro), bromine 
(bromo) or iodine (iodo). 

The term "sugar" refers to a pyranosyl or furanosyl moiety such as those derived from 
glucose, galactose, mannose, allose, altrose, gluose, idose, talose, ribose, arabinose or 
xylose. Derivatives of such sugars include deoxy or amino pyranosyl or furanosyl sugar 
20 derivatives. Each sugar moiety is incorporated into the compound of formula (I) through a 
hydroxy group of the sugar moiety. 

As used herein, "the characterising group of an amino acid" refers to the substituent at C 2 of 
a natural or unnatural amino acid and which defines the amino acid. For example, methyl 
is the characterising group of alanine, phenylmethyl is the characterising group of 
25 phenylalanine, hydroxymethyl is the characterising group of serine, hydroxyethyl is the 
characterising group of homoserine and n-propyl is the characterising group of norvaline. 

An aryi group, as used herein, refers to Q-C 10 aryl groups such as phenyl or naphthalene. 
Aryl groups may be optionally substituted brie or more times by halo (eg, chloro, fluoro or 
bromo), CN, NO* CO& C0 2 C w alkyl C0 2 NH* C0 2 NH(C w alkyl), CO^Q^salkyl)* OH, 
30 alkoxy, acyl, acetyl, halomethyl, trifluoromeihyl, benzyloxy, phenoxy, NH^ NH(C w alkyl) 
orN(C«alkyl) 2 . 
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As used herein, the term "heterocydyl" refersto a cyclic; aliphatic or aromatic radical 
containing at least oneheteroatom independently selected from O, N or S. Examples of 
suitable heterocydyl groups indude furyl, dioxolanyi, dioxanyl, dithianyl dithiolanyl, 
pyridinyl/pyrimidinyl, pyrazolyl, piperidinyl, pyrrolyl, thyaphenyl, oxazolyl, imidazolyl, 
thiazolyl, isoxazolyl, isothiazolyl, quinolyl, isoquinolyi indolyl, benzofuranyl, 
benzothiophenyl, triazolyl, tetrazolyl, oxadiazolyl and purinyL Heterocydyl groups may 
be optionally substituted one or more tirries by halo (eg, chloro, fluoro of bromo), CN, NO^ 
COzH C0 2 C w alkyl, CQ^NHj, COjNHtCwalkyl), COjNCC^alkyl)^ OH, alkoxy, acji acetyl, 
halomethyl, trifluoromethyl, benzyloxy, phenoxy, NH V NH(C^alkyI) or NCC^alkyl^. 

Each A is an unsubstituted methylene group (-CH 2 -) or an optionally substituted 
methylene group where one or two of the hydrogen atoms of the methylene group may be 
replaced by a substituent, such as halo (eg. chloro, fluoro or bromo)> CN, NQ*, CO*H, 
CO^C^alkyl, COjNHj, CX^NHfQ^alkyl), CQ 2 N(C w alkyl) 2 , OH, alkoxy, acyl, acetyl 
halomethyl, trifluoromethyl, benzyloxy, phenoxy, NH^ NH(C w alkyl) or N(C M alkyl) 2 . (A) n 
may therefore form an optionally substituted methylene group, when n is 1, or an 
optionally substituted alkylene group when n is greater than 1. Alternatively, when two or 
more A groups appear in adjacent positions, they are optionally interrupted by -O-, -S- or 
-NQRjsK (A) n may therefore form, for example, an optionally substituted ether or 
polyether. 

In a first aspect, die present invention provides a compound of formula (I), or a 
pharmaceutical^ acceptable salt or prodrug thereof 
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wherein X and X' are independently selected from -C(Rs)r/ -O-, -S-, -NORs)-, or taken 
together f orm -CCRO-CO^)-, -C(Rt)=N-, -N=C(Rs)-, -NOR^-NORs)- or -N=N-; 

Y and Y are independently selected from -C(Rs) 2 -, -O-, -S-, -N(RsK or taken together form 
-C(R5)=C(R S K -C(Rs)=N-, -N^CORsK -N^-Nfl^)- or -N=N-; 

5 Z is -C(Rs) 2 -, -0-, -S- or -N0R$)-, or forms a covalent single or double bond between X' and 
Y, or Z together with X' or Y' forms -C{S^=C(^)-, -C(Rs)=N-, -N^C(Rs)-, -NCRsHSKRg)- or - 
N=N-; 

wherein when Z is -O, -S- or -N(Rs)-, X' and Y' are -CORsV; 

when X is -O-, -S-. or -N(RsK X' is -C(Rs) 2 -; 

10 whenYis-O-^S-or-NORsJ-^'is-CCRs^or 

X or Y together with the carbon atom bearing the phenyl group form a double bond 
wherein which ever of X or Y forms part of the double bond is selected from -C(Rs)- and 
-N-; 

R, is selected from hydrogen, Q.ajalkyl, C 2 . 20 alkenyl, Q^alkynyl (A) n C(0)E4, (A^CfSjR* 
15 (A)^(0)R* (AX^O)^ (A^OR,, (AX.SR,, (A)M*J, (AX.C^NRjRu, and (A)^ or when 
X or Y together with the carbon atom bearing the phenyl group form a double bond, R, is 
absent; 

R 2 and R4 are independently selected from hydrogen, C w alkyl and (A^jR^; 

Ra is selected from Q^alkyl, (AJJR^, (A) m aryl and (AXaheterocydyl; 

20 R5 is selected from hydrogen, Cwoalkyt Q. 20 alkenyl, Q.joalkynyl, (A) n C(0)R4, (A)„C(S)Rt, 
(A^CW* (AXtfO)^ (AM. (A)£R,, (A)pN(R«), (A)„C(=NR,)R 10 and (A)^ 

Rfi is selected from hydrogen, Ci.joalkyl, Q.2oalkenyL C 2 . 20 alkynyl / OH, OGi. 10 alkyl, 
OCj, 10 alkenyl, OQ. to alkynyl/ 0(A) < ^R,„ SH, SC,. 10 alkyl, SQ. 10 alkenyl, SC 2 .,oalkynyl, S(A) <t Rj V 
K(R a ) p [NH-CH(R 14 )C(0)],-OH, [NH^^ 14 )C(0)].<X: V 3alkyl [sugar), and (A)^R li; 

25 R 7 is selected from hydrogen, C 1 . 2 oaIkyl, Qtaoalkenyl, C 2 . 20 alkynyl, (A)^R 1V C(0)H, 
aO)C M oalkyl, CPJQ.walkenyl, QOjQ.Malkynyl, C(0)-aryl, C(OXA),R„, QO)& 
C(O) 2 C t . I0 alkyl, qO^CMoalkenyl, C(0) 2 CW»lkynyl, CXOVaryl, OPU^Riv C(S)H, 
C(S)C,. 10 alkyl CCS^joalkenyl CffiCvjOyajt, C(S)-aryl, C(SXA)^ OSJOH, 
C(S)OC MO alkyl, C(S)OC 2 . 10 alkenyl, qsJOC^dkynyl C(S)Oaryl, CXSKXA)^ S(0),H, 
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S(O) A-ioalkyl, S(O) A-ioalkenyl, S(O) A-ioalkynyl S(0) r aiyl S(OUA)<£ n , 
[C(0)CH(R 14 )NHL-H [C(0)CH(R 14 )NH] 9 -C M oalkyL [C(0)CH(R 14 )NH] 8 -C 2 . 1 aalkenyl 
[€(0X^(^4)^,-02.^^1 [aOCHtR^NHlraryl [C^OK^jNHlrfA)^, and 
[sugar],; 

5 Each Rg is independently selected from R 7 and NHC^NR^NHz; 
R* is selected from hydrogen and C^alkyl; 

R 10 is selected from C w alkyl, NH* NH(C w alkyl), MC^alkyl)^ OH, OC a ^alkyl SH and 
SC^alkyl; 

R n is selected from OH, OC^alkyl OC^alkyl-OQ^alkyl O-aryl O-heterocydyi, 
10 0[C(0)CH(R M )NH] 8 H, [sugar]„ SH, SC^alkyL SC w allqrK>-C,^alkyt S-aryl, S-heterocydyl, 
S[C(0)CH(R 14 )NH]^i halo, JSKR^ C(0)R 16 , CN, C(R 17 )3, aryl and heterocydyi; 

R u is selected from OH, SH, NH* halo, NO* C(R l7 )s, OCCR^ and CN; 

Each R13 is independently selected from hydrogen, Q^alkyl, C^alkenyl, Q^alkynyl and 
(A),R„; 

15 R M is the characterising group of ah amino add; 

Each Rjs is independently selected from hydrogen, C w alkyl, Q^alkoxyC^alkyl, aryl and 
heterocydyi; 

R 16 is selected from C M alkyl, OH, C 1 . 3 alkoxy, aryl, aryloxy, heterocydyi and 
heterocydyloxy; 

20 Each Riy is independently selected from hydrogen and halogen; 

A is optionally substituted methylene wherein when n > 1, any two adjacent A groups are 
optionally interrupted by -O-, -S- or -N(R C )-; 

where n is 0 or an integer selected from 1 to 20; 

m is 0 or an integer selected from 1 to 3; 

25 p is an integer selected from 1 to 20; 

q is an integer selected from 1 to 10 
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s is an integer selected from 1 to 5; 
t is an integer selected from 1 or 2; and 

wherein each alkyl, alkenyl , alkynyl, aryl and heterocyclyl may be optionally substituted. 

In another aspect the compound of the invention is a compound of formula (II)/ or a 
pharmaceutically acceptable salt or prodrug thereof 



wherein X and Y are independently selected from -O-, -S-, -N(Rj)- and -CflSgV; 

Z is -CCR5 )r or is a covalent bond between adjacent methylene groups; 

R x is selected from hydrogen, Q-joalkyl C 2 . 20 alkenyl > C^zoalkynyl (A) n C(0)R^ (A) n C(S)R 6/ 
(A) n S(0)R 6 , (A^O^R* (A) n OR 7/ (A^R,, (A)^), (AXGC-NRJR. and (A)^ n ; 

R 2 and R< are independently selected from hydrogen, Q^alkyl and (A^R^; 

R 3 is selected from Q.ijalkyl, (AJJR^ (A^aryl and (A) m heterocyclyl; 

Rs is selected from hydrogen, Q.^alkyl C^alkenyl, C 2 . 20 alkynyl / (A) n C(0)R6, (A^CiS)?*, 
(A)£(0)R«, (A) n S(0)iR^^ <A)^ 

Re is selected from hydrogerv C^eSkyl C 2 . 20 alkenyl / Craslkynyl OH, OQ.walkyl, 
OC^alkenyl, OQ_ 10 alkynyl, 0(A) q Ru, SH, SC wo alkyI, SQ_ 10 alkenyl SQ. 10 alkynyI, S(A)^ 1V 
N(RA [NH-OKRJCCOLOH, [NH-CHCR^aOJl^walkyl [sugar] 3 and (A),R n ; 
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R 7 is selected from hydrogen, C^oalkyl, C 2 .2oalkenyl, Q.^alkynyl, (A)qR lv C(0)H, 
C(O)C W0 alkyL C(O)C 2 . 10 alkenyl CtOCwoalkynyl C(0)-aiyl aOXA)^ C(0) 2 H, 
C(O) 2 C M0 alkyl, aO^oalkenyl C(0) A-ioalkynyl C(0) 2 -aryl, CCOMA)^ C(S)H, 
C(S)C MO alkyl, C(S)C 2 . 10 alkenyl / CCSJCwoalkynyl C(S)-aryl, C(S)<A),R U , C(S)OH, 
5 C(S)OC MO alkyl COJOQ^alkenyl, aSJOQ.aoall^yl C(S)Oaryl CCSKXA)^ SCO)^, 
S(0)A-i<>alkyl S(0)A.ioalkenyl, S(0)A-ioalkynyl S(0) r aryl, S(0) t (A)JR tv 
[C(0)CH(R 14 )NH] r H, [C(0)CH(R l4 )NH] i -G W oalkyl / [C^CHCR^NHJ^.oalkenyl 
[0(0)^(^)1^3^03^^, [C(C)CH(R 14 )NH] r aryl, [C^CHfRJNHJ^A)^, and 
[sugar],; 

10 Each Kb is independently selected from R 7 and NHC(=NR 15 )NH 2 ; 
R9 is selected from hydrogen and Q^alkyl; 

R 10 is selected from C^alkyl, NH*, ^(Q^alkyl), N^aUcyl)* OH, OC^alkyl, SH and 
SC^alkyl; 

R„ is selected from OH, OC^alkyl, OC^alkylOCx^alkyl, O-aryl, O-heterocyclyl, 
15 0[C(0)CH(R 14 )NH],H, [sugar],, SH, SC w alkyl, SC^alkyl-O-C^alkyL S-aryl, S-heterocydyl, 
StQOKHCRjNHlaH, halo, C(0)R 16 , CN, COM* aryi and heterocyclyl; 

R n is selected from Oft, SH, NH* hfilo, NO*, COM* OCOMs and CN; 

Each Rtf is independently selected from hydrogen, Q^alkyl, C^alkenyl, Q^alkynyl and 

20 R M is the characterising group of an amino acid; 

Each Rtf is independently selected from hydrogen, C w alkyl, C V3 alkoxyC w alkyl, aryl and 
heterocyclyl; 

R 16 is selected from Q^alkyl, OH, C^alkoxy, aryl, aryloxy, heterocydyl and 
heterocydyloxy; 

25 Each R^is- independently selected from hydrogen and halogen; 

A is optionally substituted methylene wherein when n > 1, any two adjacent A groups are 
optionally interrupted by -0-, or -N(R^h; 



where n is 0 or an integer selected from 1 to 20; 



WO 2004/089927 



PCT/AU2004/000453 



17 

m is 0 or an integer selected from 1 to 3; 

p is an integer selected from 1 to 20; 

q is an integer selected from 1 to 10 

s is an integer selected from 1 to 5; 
5 t is an integer selected from 1 or 2; and 

wherein each alkyl, alkenyl , alkynyl, aryl and heterocydyl may be optionally substituted. 

In a preferred embodiment one or more of the following definitions apply: 

X is -O, -S> -NH- or -CH r ; 

Yis-O-,-S-0r-NRr; 

10 Z forms a covalent bond between adjacent methylene groups; 

R x is selected from C 1 . 20 alkyl, C u2 oalkenyl / (XA^OQ^alkyl, Q-( A) q -heterocydyl, 
0-(A) q -sugar, CKA) q O[C(0)CH(RJNH]3-H (A) n OH, (A^OC^joalkyl, (A) n CX: 1 . 20 alkenyl 
(A^OCp^a^alkyl, (A^OCCOjCx.ajalkenyl (A) n OC(0)aryl, (A) ft O[C(0)CH(R u )NH] r fi 
(A) n O^ (A^Cwaalkyi)^ ( A)^C 120 alkenyi (A^Q^enyl)^ 

15 (A) tt NHC(O)C 1 . 20 alkyl (A) n NHC(O)G l . 20 allcenyl / (A) n NHC(0)aryl> 

(A^iaOJQi^NHL-Ii (AJnNH-tsugarL (A^SOsH, (A^SOaQ.joalkyl 
(A^C^enyl (A) n C(O)C x . 20 alkyi;(A) b C(O)G 1 . 20 aI^ (AlAfi (A) n CO 2 C 1 . 20 alkyl / 
(A) n C6 2 C i ; 20 alkenyl / (A) 0 C(0)NHC V2D alkyL (A^aO^Q.zoalkyl)^ (A^CCONHQ.joalkenyL 
(A^aONCQ^alkenyl)^ (AJ^OJfNH^RjaO^-OIi (A^fOtfsugarfc wherein A is 

20 methylene optionally substituted one or two times with a group that is independently 
selected from C^alkyl, C^alkenyl, C^alkynyl, halogen, OH OCi^alkyL C0 2 H, 
COA^alkyl, NH* NHQ^alkyl, ^(Cj^alkyl)* CN, NO* aryl or heterocydyl; R M is the 
characterising group of an amino add, n is 0 or an integer from 1 to 20 and s is an integer 
from 1 to 5; 

25 R 2 is hydrogen, C V3 alkyI, OH, Sli NH* -NO* OF* halo or -CN; 

Ra is hydrogen, Q-Qalkyl, -(CH 2 ) m NH* -(CH^-OH, ^CH^-CF-y -(CH^-SH or a 5 or 6 
membered heterocyclic group, wherein m is 0 or an integer from 1 to 3; 



R4 is hydrogen, C w alkyl OH, SH, NH* NO* CF* halo or CN; 



WO 2004/089927 PCT7AU2004/000453 

18 

A is unsubstituted methylene or mono-substituted methylene. 

In certain preferred forms of the invention, the compounds of Formula (II) include: 




5 wherein 

Xis-0-,-S-,-NH-; 
Y is -O-, -S- or -N(Rs)-; 

Z forms a covalent bond between adjacent methylene groups; 

R x is Q-Qoalkyl Q-Qoalkenyl, C r C^alkynyi (A) tt C(0)R* <A) n C(S)R 6f AA) t ^(P)R 6f 
10 -<A) R S(0) 2 R«, -(A^OR,, -(A^R* -(AM*^ (A) n a~^)Rio or (A)^ where iv R* R 7 , R* 
R* R 10 and R n are defined above; 

Rj is hydrogen, methyl, OH, OCH* SB, NH* NO* OF* halo or CN; 

Ra is C^alkyl, -(Oi^NH* ^CH^-OH, -{CH^^SH or heterocyclyl where m is defined 
above; 

15 R< is hydrogen, methyl, OH, OCH* SH, NH* NO* CP* CF3, halo or CN. 
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More preferably the compounds of formula (II) comprise 




wherein 
Xis-OorNH; 

5 Y is -O or -N(R 18 )~ where R M is selected from hydrogen, C^oalkyl, C^aoalkenyl, C 1 . 2 oalkenyl / 
C^joalkynyl and (CH^aRu where R tl and n are defined above; 

Z forms a covalentbond between adjacent methylene groups; 

R a is as defined for Rj above; 

R 2 is hydrogen, halomethyl, OH, OCHa, SH, NH* N0 2 orCN; 

10 R 3 is hydrogen, Q^alkyl, (CH^NHjj, (CH 2 ) ro OH or (CH 2 ) m CF s or heterocyclyl where m is 
defined above; 

R4 is hydrogen, methyl OH, OCH* SH, NH*, N0 2 or CN. 
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More preferably, the compounds of Formula (I) are heterocyclic compounds having the 
formula (HI) 




wherein 

5 Xis-Oor-NH-; 

Y is -O or -N(R 18 )- where R l8 is defined above; 

R a is as defined for R x above; 

R 3 is hydrogen, NH* OH; 

R4 is hydrogeiv methyl, OCH3, or OH. 

10 In a preferred embodiment Rl is selected from (A) n OR 7 where n is 0 and A and R 7 are 
defined above. 

Further preferred embodiments include: 

A compound of formula (I) wherein X is -S-; Y is -NtRs)-; X* is -CCRsV; is -C(Rg) r ; 
Z forms a covalent bond between X* and Y\ Preferably, Y is -NH-; X* is -CH 2 -; Y is 
15 -CH^RiisH. 

A compound of formula (I) wherein X and Y are each -O-; X* and Y 1 are each - 
C(RsV; Z forms a covalent bond between X' and Y\ Preferably, X' and Y' are each 
-CH 2 -; Ri is H. 



A compound of formula (I) wherein X and X 1 taken together form -C(Rs)=N-; Y is 
20 -C(Rs)- and taken together with the carbon atom bearing the phenyl group forms a 
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double bond; Y' is -N(Rg)-; Z forms a covalent bond between X 1 and Y\ Preferably, 
Yis-CH-;Xis-CH-. 

A compound of formula 0) wherein X and X' taken together form -C(Rs)«N-; 2 
together with Y' forms -C(R 5 )=C(R S >-; Y is -CCRs}- and together withthe carbon atom 
5 bearing the phenyl group forms a double bond. Preferably, X is -C(OCH 3 ); Z 

together with Y' forms -^(OCH^CH^ Y is -CH-. 

A compound of formula (I) wherein X" is .-CGW2-; Y is -CCRgJr; Z is -CfRJr; X and 
Y are each -0- ¥ Preferably, XV Y and Z are each -CH r ; R 3 is H. 

M&. A compound of formula (I) wherein X and Y are each -S-; X' and Y are each 

10 -CQRsV; Z forms a covalent bond between X* and Y'. Preferably, X* and Y are each - 

CH 2 -; Rj is H. 

A compound of formula (I) wherein X is -S-; Y is -O-; X' and Y* are each -COt^-; Z 
forms a covalent bond between X* and Y\ Preferably, X' and Y are each -CH 2 - 

A compound of formula (I) wherein X and X 1 taken together form ^(R^^CR*)-; Z 
15 together with Y* forms -C(Rg)=C(R5}-; Y is -C(Rg)- and together with the carbon atom 

bearing the phenyl group forms a double bond. Preferably, X and X taken together 
fdrin --CH=CH-; Z toge&^ with Y forms -<H=CH-; Y is -CH-. 

A compound of formula (I) wherein Y is -N- and taken together with the carbon 
atom bearing the phenyl group forms a double bond; X is -O-; X* and Y' are each 
|§! 20 -CQWi-; Z forms a covalent bond between X 1 and Y. Preferably, X' and Y are each 

— CH 2 -. 

A compound of formula (I) wherein X and Y are each -C(Rs)r; X* and Y' are each - 
N(R5)-;ZisC(R5) 2 . 

A compound of formula (I) wherein X is -O; Y* is -NiR^; X and Y are each 
25 -C(Rs)r. 

A compound of formula (I) wherein X and X are each -CXRs^-; V is -N(Rs)-; Y' is 
-CfRsV; 2 forms a covalent bond between X f and Y'. 



A compound of formula (I) wherein X is -NCR*)-; X' is -C(Rs) r ; Y is -C(Rs)r; Y is 
-N(R 5 )-; Z forms a covalent bond between X and Y\ 



WO 2004/089927 



PCT/AU2004/000453 



A compound of formula (I) wherein X and X' are each -QRsV Y is -CCRgV; Y' is 

Preferred compounds of formula. (I) include 2-(2^-hydroxyethoxy)-2-(4-hydroxy-3- 

methylpheriyl)-l>K3ioxolane; 2^2-hydroxyethoxy)-2-(4^hydroxyphenyl)-l / 3-dioxolane; 2- 
5 (2-hydroxyethoxy)-2-(34>^ 2-(4- 

Bromophenyl)-l,3-thiazolane; 2-(4-Mefhoxyphenyl)-l / 3-thiazolane; 4-(l,3-Thiazolidin-2- 
yl)benzonitrile; 2-(4-Hydroxy-3-meihoxyphenyl)-l / 3-tfiia2olane; 2^3,4-Dimethoxyphenyl)- 
1,3-thiazolane; Methyl 442-(4-fluorophenylH 4r[2-(4- 
Ruorophenyl)-l/3-dioxolan-2-yl]butan-l-ol; 2-(4 > -Bromophenyl)-2-butyl-l / 3<lioxoIane; 4- 

10 (4-Methoxyphenyl)-l-(3-methyIbutylH^pyrazole; l-(3-MetiiyIbutyl)-4-(4-methylphenyI)- 
li£pyrazole; 2, 6-ptaethoxy~MMtrifluprom^ 2r[4-(2- 
THenyl)phenyl]-l,3-thiazolane; 2-Ethyl-2-(4-methoxyphenyl>-l / 3rdioxolane; 2-Hexyl-2-(4- 
methylphenyl)-l / 3-dithiolane; 2-Methyl-2^4rmethylphen}d)-13-dithiolane; 2-Hexyl-2-(4- 
methylphenyl)-l/3-dioxolane; 2-(4rChlorophenyl)-2-methyl-l^-dioxane; 2-(4- 

15 Chlorophaayl^-methyH^-dioxolane; 2-Methyl-2-(4rmethylphenyl>l / 3-dioxane; 2- 

Methyl-2-(4-methylphenyl>-l,3-dioxolane; 2-(4-Chlorophenyl)-2-methyl-l / 3-dithiolane; 2- 
(^Nitrophenyl^-methyH^dioxolane; ^(^Nitrophehyl^-methyl-XS-dioxane; 2-(4- 
Methoxyphenyl)-l^oxathioIane; 2-(3,4^Trimelfioxyphenyl)-l/3-oxathiolane; 2-Methoxy- 
4-(13-oxathiolan-2--yl)phenol; 4-(l/3-Oxatiiiplan-2-yl)benzonitrile; 2-(4rBromophenyl)-2- 

20 ethyl-l^xathiolane; 4-<5-Methyl-i;3K>xate 2~(4-Thien-2-ylphenyI>- 
1,3-oxathiolane; 4-(5-MeAyl-2-<>ctyl-l / 3-oxatiiiolan-'2-yl)phenol; 2-Huoro-5-(5-methyl-l,3- 
oxathiolan-2-yl)benzenecarbonitrile; 4rMethoxy^ / -(trifluoromethoxyj-l / l'-biphenyl; 2,6- 
Dim^oxy-3-[4-(trifluoro^ 

oxathiane; 4^1,3-Dioxolan-2-yl)benz€oiecarbonitrile; 2-(3 / 5-Dimethoxyphenyl)-2-hexyl-l / 3- 
25 dioxolane; 2-(4rChlorophenyl)-2-ethyl-4-methyl-l,3-dioxolane; S^S/S-DiethyH^dioxan^- 
yl )-2-fluorobenzenecarbonitrile; 2-(4r<2hlorophenyl)-4>5-dihydro-l / 3-oxa2ole; 2-(4- 
MethylphenylH>5-dihydn>l,3-oxa2ole. 

More preferably the compovinds are selected from the group consisting of:2-(2- 

hydroxyethoxy>-2^4-hydroxy-3-me&^ 
30 hydroxyphenyl)-l/3-dioxolane; 2-(2-hydroxyeti\oxy)-2-(3-bromo-4-hydroxy-5- 

methylphenylH/S^fio^olarie; Methyl 4-[2-(4-fluorophenylH/3-dioxoIarv-2-yl]butanoate; 4r 
[2^4-Huoix)phenyl)-l,3-dioxolan-2-yl]butan-lK)^ 

dioxolane; 4-(4-Methoxyphenyl)-l-(3-methyIbutyl)-l/^pyrazole; l-(3-Methylbutyl)-4-(4- 
methyiphenyl)-liif pyrazole; 2^Dimethoxy-3-[4-(trifluoromethoxy)phenyl]pyridine); 2-[4- 
35 (2-Thienyl)phenyl}-l / 3-thiazolane; 2-Ethyl-2-(4-methoxyphenyl)-l / 3-dioxolane; 2-Hexyl-2- 
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(4-methylphenyl)-l / 3-dithiolane; 2-Hexyl-2-(4-methylphenylH/3-dioxolane; 2-(4- 
Bromophenyl)-2-ethyl-l^-oxathiolane; 4-(5-MethyI-l><)xathiolan-2-yl)benzonitrile; 2-(4- 
Thien-2-ylphenyl)-l>oxathiolane; 4-(5-Me%l-2-octyi-l>oxathiolan-2-yl)phenol; 2- 
Fluoro-5-(5-methyl-13<)xatHolan-2-yl)benzenecarboru ^Methoxy^'- 
(trifluoromethoxyj-lj'-biphenyl; 2,6-Dimethoxy-3-[4-(triflu 2- 
(4-bromophenyl)-2-butyl-4-pro^ 
2-(4<:Horophenyl)-2^thyl^me%^ 
fluorobenzenecarbonitrile. 

In a yet further preferred embodiment the compound of formula (I) is selected from the 
group consisting of: 2^2-hydroxyethoxy)-2-(4-hydroxy-3-methylphenyl)-l / 3-^oxolane; 4- 
(4-MethoxyphenylHK3-methylbutyl)-li*pyra2ole; l-(3-Methylbutyl>4-(4-methylphenyl)- 
ljFfpyrazole; 2-Hexyl-2-(4-methylphenyl)-l / 3-dithiolane; 2-Methyl-2-(4-methylphenyl)-l/3- 
dithiolane; 2-(4-Thien-2-ylphenyl)-l / 3-oxathioIane; ^Methoxy^'-CtrifluoromethoxyH,!'- 
biphenyl; 2,6-Dimethoxy-3-[4^tr^^ 



Examples of suitable compounds may include: 
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Compounds of Formula (I) may be prepared using the methods depicted or described 
herein or known in the art. It will be understood that minor modifications to methods 
described herein or known in the art may be required to synthesize particular compounds 
of Formula (I). General synthetic procedures applicable to the synthesis of compounds 

5 may be found in standard references such as Comprehensive Organic Transformations, R. 
C Larock, 1989, VCH Publishers and Advanced Organic Chemistry, J. March, 4th Edition 
(1992), Wiley InterSciehce, and references therein. It will also be recognised that certain 
reactive groups may require protection and deprotection during the synthetic process. 
Suitable protecting and deprotecting methods for reactive functional groups are known in 

10 the art for example in Protective Groups in Organic Synthesis, T. W. Green & P. Wutz, John 
Wiley & Son, 3rd Edition, 1999. 

Thus for certain embodiments of the invention, compounds of formula (I), where X and Y 
are -O-, X* and Y' are -CH r , Z is -CH 2 - or forms a bond between X* and Y and Rj is alkyl, 
alkenyl, alkynyl or an optionally substituted alkylene with terminal functionality, eg 
15 (A) n OMe where n is between 1 and 20, may be prepared by the general method shown in 



Scheme 1. 




Scheme 1 



Suitable starting materials may be commercially available or made by methods known in 
20 the art Suitable conditions for this reaction include refluxing the starting material and the 
dihydroxy compound in benzene in the presence of acid, eg. tosylate. Other conditions for 
performing this reaction to provide selectivity in the presence of other carbonyl groups or 
to provide conditions suitable for use in the presence of other functional groups are 
provided in Protective Groups in Organic Synthesis, T.W. Green & P. Wutz, John Wiley & 
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9 



Son; 3rd Edition, 1999, pages 312-329. Functionality may be introduced into the dioxolane 
group by using a substituted dihydroxy compound. 

1,3-dithiane or 1,3-dithiolane derivatives, where X and Y are -S-, X' and Y are -CH 2 -, 2 is 
-CH 2 - or forms a covalent bond between X* and Y and R t is alkyl, alkenyl, alkynyl or an 

5 optionally substituted alkylene with terminal functionality, eg,: (A) n OMe where n is 1 to 20, 
may be prepared in a similar manner as the 1,3-dioxolane derivatives in Scheme 1. Suitable 
conditions for this reaction include mixing the starting material and HS^CH^-SH, where b 
is 2 or 3, in the presence of BF 3 -Et z O in didhloromethane at room temperature. Other 
conditions for performing this reaction are provided in Protective Groups in Organic 
10 Synthesis, T.W. Green & P. Wutz^ John Wiley & Son; 3rd Edition, 1999, pages 333-336. 

1,3-oxathiolanes, where one of X and Y is -O- and the other is -S-, X 1 and Y are -CH 2 ~, Z is 
-CH 2 - or forms a covalent bond between X* and Y* and is alkyl alkenyl, alkynyl or an 

optionally substituted alkylene with terminal functionality, eg.: (A) n OMe where n is 1 to 20, 
may be prepared in a similar manner as die 1,3-dioxolane derivatives in Scheme 1. Suitable 
15 conditions include mixing the starting material with HS^CH^OH where b is 2 or 3, in 
dioxane, in the presence of ZnQ 2 and AcONa at room temperature. Conditions for 
performing this reaction are given in Protective Groups in Organic Synthesis, T.W. Green 
& P. Wutz, John Wiley. & Son; 3rd Edition, 1999, at page 346. 

Compounds where X and Y are -N(RgK X 1 and Y are -CH 2 -, Z is -CH 2 - or forms a covalent 
20 bond between X and Y* and R x is alkyl, alkenyl, alkynyl or an optionally substituted 

alkylene with terminal functionality, eg.: (A) n OMe where n is 1 to 20, may be prepared as 
shown in Scheme 2 (12): 



Me NCH2CH2 — N — Me + 

H H 




Me- 




N Me 



Scheme 2 
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Compounds where X is -N^K X' and Y' are -CH r , Z is -CH 2 - or forms a covalent bond 
between X* and Y, Y together with the carbon atom to which the phenyl group is attached 
is a double bond and is absent may be prepared as shown in Scheme 3 (13). 




Scheme 3 

5 When R, includes a -C0 2 H or -C(S)OH group, the compounds may be further derivatised 
to provide ketones, thioketones, esters, thioesters, amides and thioamides by standard 
alkylating, esterifying or amide forming methodology. When R x includes a hydroxy, thiol 
or amino group, these groups may be further derivatised to provide esters, thioesters, 
amides, ethers, thioethers and N-alkyl groups using standard acylating or alkylating 

10 methodology. Conversion of an amide to C=NH(NH 2 ) can be achieved by aminolysis eg 
NH 3 / dry methanol. 

In other embodiments, compounds of Formula (I), where R v R2, R 3 or R* is a substituted 
methyl group, can be prepared by conversion of the methyl substituent into a halomethyl 
substituent (eg by treatment with a N-halosuctinimide such as NBS) followed by 

15 nucleophilic substitution by an appropriate nudeophile and/ or insertion of additional 
methylene groups by, for example, Wittig reaction (see Scheme 4 where R* can be, for 
example, (CH^OH, (CH^H, (CH^^NHj/ (CH^heterocydyl, (CH^^aryl, (CHjXNOz 
where x is 0, 1 or 2. Similar reactions could be performed if Rj is CH 2 Br to provide 
substituente such as (CHJnC^JQ.zDalkyl, (CH^ n OC(0)C^^Oyl (CH^Od.joalkyl, 

20 (CH^pphenyl, (OHypbe^l,^ 

(CH 2 ) n NHbenzyl, (CHASC^all^l, (CH 2 )^C(0)C lA ^kYh (CH^SphenyL (CH^^Sbenzyl 
(CH 2 ) n NHsugar / (CH^sugar, (CH^Cteugar, (OH 2 ) n mC(O)C 1 . 10 alkyl, 
(CH^^CtOphenyl, (CH^^C^benzyi (CHjJJSfHCOjC^alkyl, 
(CH^JNHCOzphenyl, or (CH^oNHCQibenzyl , where n is 0 or 1 to 20). 



WO 2004/089927 



PCT/AU2004/000453 



29 




nucleophile substitution 
and/or Wittig Reaction 



Scheme 4 
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In other embodiments, compounds where R v R^ Rj or R4 are CH 2 halo can be prepared by 
reaction of a statable carboxylic acid derivative with a reducing agent such as liAlH^ 
followed by halogenation, eg treatment with thionyl chloride (Scheme 5). 




CH 2 CI 

Scheme 5 

5 Coupling of compounds wherein R v R2, R3 or is CH^halo with an alkylhalide or 
halo(CH2)Jheterocyclyl in the presence of Culi affords the corresponding compounds 
where the Rj, R^ os R4 substituent is alkyl or where Rj or R 3 are (GH2) Jftetewxydyl where 
a is 1-20 in relation to Rj or 1 to 3 in relation to R 3 . 

Reaction of CH^halo with NH 2 -NH-C(==NH)-NH 2 in the presence of base affords access to 
10 compounds wherein R l is CH 2 -NH-NH-C(=NHVNH 2 . Alternatively, reaction of the 

CH 2 halo group with halo(CH 2 ) p NH-NH-C(==NH>'NH 2 (where p is 1 or 2), affords the group 
(CIH 2 )pNH~NH-C(=hIH)-NH 2 where p is 2 or 3. 
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Compounds where R 3 is -OH, -NR or -CH 2 CN can be prepared from the compound where 
R 3 is Q as shown in Scheme 6 




5 Compounds according to formula (I) in which X 1 and Y' are each -NQR5)- and Z is -CH 2 - 
can be prepared as is shown in Scheme 7. (Reference: Journal of American Chemical 
Society, 123(19), 4451-4458, 20Q1 
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CH 2 CN 

HzNCHO + 




R4 |^ R2 
Rs 




4-amino-5-phenylpyrinradine 




5-pher>yl-4-pyrimldlnone 





(QHzJgCHa (CH^PH 3 (CH^CHa (pH^CHa <? \ ^ 

Example v^X ^HatCHg^CHgBr S< ^Hydrogenation 
NaH/THF 5%Pd/C 

OCH3 R4^f^Ra RTY^Ra 

OH A3 R3 

(A) 

Several compounds can be made 
R2=OCH 3 by varing R2, R3, R4 and n 

R30 OH 
R* = H 
nc 3 

Scheme 7 

Compounds in which X is O, Y is -N(Rs)- and Z is -CH 2 - can be prepared as is shown in 
Scheme 8. 



*4 *4 

+ CHa-NHCHaCHgOH ^hQ^Q^) 

R ? R2 CH3 

R4 

CH3CO2H 

R + CHa-NHCH^HaOH 



OR HCO2H 

Reference: Chemlsche Berichte, 1 1 5(7), 2835-42, 1982 

Scheme 8 




Compounds in which X and X' are each -C(R>) 2 -, Z is a bond and Y is -N(Rs)- can be 
prepared according to scheme 9. 
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H^orMeOH ^ ^H^* 9 ** 

+ Ct-CHaCHaCHzNHs Na 2 CQ 3 1 „ .. 

HCI l^J - f\ st9 P 2 

R 3 



Reference: J.Oig.Chem.68. 6207-6208, 2001 





N-R 5 

R i Example 



k^N-(CH2) 4 CH 3 
Ri 




OCH 3 



Scheme 9 

Compounds in which X is -N(R5)-> V is -N(R5)- and Z is a bond can be prepared according 
to scheme 10. 



?HO 

O 1UBr 
+ H 2 N-&-NHR 5 2 00 

R 3 



References: Ger.Offen. 1 9994021 1 , 23 mar 2000. 
J.Org. Chem, 15, 1020-2, 1950. 





/-NR 5 r—H 

UAIH 4> | example 
ether 



Scheme 10 



Compounds in which X and X' are -C(R$)2- Z is -CH 2 - and Y' is -NCR5)- can be prepared 
according to Scheme 11. 
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R3 

Reference: J.Org.Chem,66, 6207-6208, 2001 




Reference: Chemical & Pharmaceutical Bulletin, 39(1), 36-40, 1991 



Scheme 11 

1 

2-Ethyl-2-^4-methox5^henyl)-l / 3-dioxolane / Compound 16, the synthesis of which is 
reported below, is prepared by tfie following the reaction scheme 12 and it would be 
5 understood by a person skilled in the art that a a^ax methodology can be used to prepare 
other appropriately substituted 1,3-dioxolanes. 



10 




Scheme 12 

2-Hexyl-2^4-mefliylphenyi)-l,3-dithiolane / Compound 17, the synthesis of which is 
15 reported below, is prepared by following the reaction scheme 13 and it would be 

understood by a person skilled in the art that a similar methodology can be used to prepare 
other appropriately substituted 1,3- dithiolanes. 
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15 



20 




Mg , C6H 13 I 




(Cl^sCH; 



pee 




s 



<W4CH 2 ) 6 CH 3 



HS CH2CH2SH 




25 



Scheme 13 

The term "salt or prodrug" includes any pharataceutically acceptable salt ester, solvate, 
hydrate or any other compound which, upon administration to the recipient is capable of 
providing (directly or indirectly) a compound of Formula CO as described herein. The term 
"pro-drug" is used in its broadest sense and encompasses those derivatives that are 
converted in vivo to the compounds of the invention. Such derivatives would readily 
occur to those skilled in the art and include, for example^ compounds where a free 
hydroxy group is converted into an ester, such as an acetate, or where a free amino group 
is converted into an amide. Procedures for acylating hydroxy or amino groups of the 
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compounds of the invention are well known in the art and may include treatment of the 
compound with an appropriate carboxylic acid, anhydride or acylchloride in the presence 
of a suitable catalyst or base. 

Suitable pharmaceutically acceptable salts include, but are not limited to, salts of 
5 pharmaceutically acceptable inorganic acids such as hydrochloric, sulphuric, phosphoric, 
nitric, carbonic, boric, sulfamic, and hydrobromic acids, or salts of pharmaceutically 
acceptable organic acids such as acetic, propionic, butyric, tartaric, maleic, hydroxymaleic, 
fumaric, maleic, citric, lactic, muck, gluconic, benzoic, succinic, oxalic, phenylacetiq, 
methanesulphorric, toluenesulphonic, benezenesulphonic, salicyclic sulphanilic, aspartic, 
10 glutamic, edetic, stearic, palmitic, oleic, lauric, pantothenic, tannic, ascorbic and valeric 
acids. 

Base salts include, but are not limited to, those formed with pharmaceutically acceptable 
cations, such as sodium, potassium, lithium, calcium, magnesium, ammonium and 
alkylammonium. 

15 Basic nitrogen-contaixiing groups may be quarternised with such agents as lower alkyl 
halide, such as methyl, ethyl, propyl and butyl chlorides, bromides and iodides; dialkyl 
sulfates like dimethyl and diethyl sulfate; and others. 

It will also be recognised that some compounds of formula (I) may possess asymmetric 
centres and are therefore capable of existing in more than one stereoisomers form. The 
20 invention thus also relates to compounds in substantially pure isomeric form at one or 
more asymmetric centres eg., greater than about 90% ee, such as about 95% or 97% ee or 
greater than 99% ee, as well as mixtures, including racemic mixtures, thereof. Such isomers 
may be prepared by asymmetric synthesis, for example using chiral intermediates, or by 
chiral resolution. 

25 In a further aspect the present invention provides a method of inhibiting cytokine or 

biological activity of MEF comprising contacting MEF with a cytokine or biological activity 
inhibiting effective amount of a compound of formula (I), or a pharmaceutically acceptable 
salt or prodrug thereof . 

In another aspect the invention provides a method of treating, preventing or diagnosing a 
30 disease or condition wherein MEF cytokine or biological activity is implicated comprising 
the administration of a treatment prevention or diagnostic effective amount of a 
compound of formula (I) or a pharmaceutically acceptable salt or prodrug thereof to a 
subject in need thereof. 
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In a further aspect there is provided the use of a compound of formula (I) or a 
pharmaceutical acceptable salt or prodrug thereof in the manufacture of a medicament 
for the treatment prevention or diagnosis of a disease or condition wherein MIF cytokine 
or biological activity is implicated. 

5 As used herein, MIF includes human or other animal MBF and derivatives and naturally 
occurring variants thereof which at least partially retain MIF cytokine or biological activity. 
Thus, the subject to be treated may be human or other animal such as a mammal. 
Non-human subjects include, but are not limited to primates, livestock animals (eg sheep, 
cows, horses, pigs, goats), domestic animals (eg dogs, cats), birds and laboratory test 
10 animals (eg mice rats, guinea pigs, rabbits). MtF is also expressed in plants (thus 'MIF" 
may also refer to plant MIF) and where appropriate, compounds of Formula (I) may be 
used in botanical/ agricultural applications such as crop control. 

Reference herein to "cytokine or biological activity** of MIF includes the cytokine or 
biological effect on cellular function via autocrine, endocrine, paracrine, cytokine, hormone 
15 or growth factor activity or via intracellular effects. 

In a further aspect of the invention there is provided a method of treating, diagnosing, or 
preventing autoimmune diseases, tumours or chronic or acute inflammatory diseases 
CGmprismg admiatisteation of ^ amount of a 

compound of formula (I), or a pharmaceutically acceptable salt or prodrug thereof. Such 
20 diseases include: 

rheumatic diseases (including but not limited to rheumatoid arthritis, osteoarthritis, 
psoriatic arthritis) spondyloarthropathies (including but not limited to ankylosing 
spondylitis, reactive arthritis, Reiter's syndrome), crystal arthropathies (including 
but not limited to gout pseudogout calcium pyrophosphate deposition disease), 
25 Lyme disease, polymyalgia rheumatica; 

connective tissue diseases (including but not limited to systemic lupus 
erythematosus, systemic sclerosis, polymyositis, dermatomyositis, Sjogren's 
syndrome); 

vasctditides (including but not limited to polyarteritis nodosa, Wegener's 
30 granulomatosis, Churg-Strauss syndrome); 

inflammatory conditions including consequences of trauma or ischaemia, 
sarcoidosis; 
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vascular diseases including atherosclerotic vascular disease, atherosclerosis, and 
vascular occlusive disease (including but not limited to atherosclerosis, ischaemic 
heart disease, myocardial infarction; stroke, peripheral vascular disease), and 
vascular stent restenosis; 

ocular, diseases including uveitis, corneal disease, iritis, iridocyclitis, cataracts; 
autoimmune diseases (including but not limited to diabetes mellitus, thyroiditis, 
myasthenia gravis, sclerosing cholangitis, primary biliary cirrhosis); 

pulmonary diseases (including but not limited to diffuse interstitial lung diseases, 
pneumoconioses, fibrosing alveolitis, asthma, bronchitis, bronchiectasis, chronic 
obstructive pulmonary disease, adult respiratory distress syndrome); 

cancers whether primary or metastatic (including but riot limited to prostate cancer, 
colon cancer, lymphoma, lung cancer, melanoma, multiple myeloma, breast cancer, 
stomach cancer, leukaemia, cervical cancer and metastatic cancer); 

renal diseases including glomerulonephritis, interstitial nephritis; 

disorders of the hypothalamic-pituitary--adrenal axis; 

nervous system disorders including multiple sclerosis, Alzheimer's disease; 

diseases characterised by modified angiogenesis (eg diabetic retinopathy, 
rheumatoid arthritis, cancer), endometrial function (menstruation, implantation, 
endometriosis); 

complications of infective disorders including endotoxic (septic) shock, exotoxic 
(septic) shock, infective (true septic) shock, malarial complications, other 
complications of infection, pelvic inflammatory disease; . 

transplant rejection, graft-versus-host disease; 
allergic diseases including allergies, atopic diseases, allergic rhinitis; 
bone diseases (eg osteoporosis, Paget's diseased- 
skin diseases including psoriasis, atopic dermatitis, UV(B)-induced dermal cell 
activation (eg sunburn, skin cancer); 

complications of diabetes mellitus, pain, testicular dysfunctions and wound 
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healing, 

gastrointestinal diseases including inflammatory bowel disease (including but not 
limited to ulcerative colitis, Crohn's disease), peptic ulceration, gastritis, 
oesophagitis, liv^r disease-(induding but not limited to cirrhosis, hepatitis). 

5 Particularly preferred diseases or conditions include: rheumatoid athritis, systemic lupus 
erythematosus, ulcerative colitis, Crohn's disease, multiple sclerosis, psoriasis, uveitis, 
atherosclerotic vascular disease, asthma and chronic obstructive pulmonary disease. 

A further aspect of the invention provides for the use of a compound of Formula (I) or a 
pharmaceutically acceptable salt or prodrug thereof in die manufacture of a medicament 
10 for the treatment of a disease or condition as above. 

As used herein, the term "effective amount" relates to an amount of compound which, 
when administered according to a desired dosing regimen, provides the desired MIF 
cytokine inhibiting or treatment or therapeutic activity, or disease/ condition prevention. 
Dosingmay occur at intervals of minutes, hours, days, weeks, months or years or 

15 continuously over any one of these periods, A cytokine or biological activity inhibiting 
amount is an amount which will at least partially inhibit the cytokine or biological activity 
of MIF. A therapeutic or treatment effective amount is an amount of the compound 
which, when administered according to a desired dosing regimen, is sufficient to at least 
partially attain the desired therapeutic effect or delay the onset of, or inhibit the 

20 progression of or halt or partially or fully reverse the onset or progression of a particular 
disease condition being treated. A prevention effective amount is an amount of compound 
which when administered according to the desired dosing regimen is sufficient to at least 
partially prevent or delay the onset of a particular disease or condition. A diagnostic 
effective amount of compound is an amount sufficient to bind to MEF to enable detection of 

25 the MBF-compoimd complex such that diagnosis of a disease or condition is possible. 

Suitable-dosages may &e within the range of about 0.1 ng per kg of body weight to 1 g per 
kg of body weight per dosage. Thedosage is preferably in the range of 1 Hg to 1 g per kg of 
body wdght per dosage> such as isin the range of 1 mg to 1 g per kg of body weight per 
dosage. In one embodiment the dosage is in die range of 1 mg to 500 mg per kg of body 
30 weight per dosage. In another embodiment the dosage is in the range of 1 mg to 250 mg 
per kg of body weight per dosage. In yet another preferred embodiment the dosage is in 
the range of 1 mg to 100 mg per kg of body weight per dosage, such as up to 50 mg per kg 
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of body weight per dosage. In yet another embodiment, the dosage is in the range of tyg 
to lmg per kg of body weight per dosage. 

Suitable dosage amounts and dosing regimens can be determined by the attending 
physician or veterinarian and may depend on the desired level of inhibiting activity, the 
5 particular condition being treated, the severity of the condition as well as the general age, 
health and weight of the subject. 

The active ingredient may be administered in a single dose or a series of doses. While it is 
possible for the active ingredient to be administered alone, it is preferable to present it as a 
composition, preferably as a pharmaceutical composition. 

10 In a further aspect of the invention, there is provided a pharmaceutical composition 

comprising a compound of formula (I) together with a pharmaceutical^ acceptable carrier, 
diluent or excipient 

The f ormulation of such compositions is well known to those skilled in the art. The 
composition may contain pharmaceutical^ acceptable additives such as carriers, diluents 
15 or excipients. These include, where appropriate, all conventional solvents, dispersion 
agents; fillers, solid carriers, coating agents; antifungal and antibacterial agents, dermal 
penetration agents, surfactants, isotonic and absorption agents and the like. It will be 
understood that the compositions of the invention may also include other supplementary 
physiologically active agents. 

20 The carrier inust be pharmaceutical^ acceptable in the sense of being compatible with the 
other ingredients of tike composition and not injurious to the subject Compositions 
include those suitable for oral, rectal, inhalational, nasal, transdermal, topical (including 
buccal and sublingual), vaginal or parenteral (including subcutaneous, intramuscular, 
intraspinal, intravenous and intradermal) administration. The compositions may 

25 conveniently be presented in unit dosage form and may be prepared by any methods well 
known in the art of pharmacy. Such methods include the step of bringing into association 
the active ingredient with the carrier which constitutes one or more accessory ingredients. 
In general, the compositions are prepared by uniformly and intimately bringing into 
association the active ingredient with liquid carriers or finely divided solid earners or both, 

30 and then if necessary shaping the product. 

Depending on the disease or condition to be treated, it may or may not be desirable for a 
compound of Formula (I) to cross the blood /brain barrier. Thus the compositions for use 
in the present invention maybe formulated to be water or lipid soluble. 
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Compositions of the present invention suitable for oral administration may be presented as 
discrete units such as capsules, sachets or tablets each containing a predetermined amount 
of the active ingredient; as: a powder or granules; as a solution or a suspension in an 
aqueous or non-aqueous liquid; or as an oil-in-water liquid emulsion or a water-in-oil 
5 liquid emulsion: The active ingredient may also be presented as a bolus, electuary or paste. 

A tablet may be made by compression or moulding, optionally with one or more accessory 
ingredients. Compressed tablets may be prepared by compressing in a suitable machine 
the active ingredient in a free-flowing form such as a powder or granules; optionally mixed 
with a binder, (eg inert diluent preservative, disintegrant (eg: sodium starch glycolate, 

10 cross-linked polyvinyl pyrroHdone, cross-linked sodium carboxymethyl cellulose)) 
surface-active or dispersing agent Moulded tablets may be made by moulding in a 
suitable machine a mixture of the powdered compound moistened with an inert liquid 
diluent The tablets may optionally be coated or scored and may be formulated so as to 
provide slow or controlled release of the active ingredient therein using, for example, 

15 hydroxypropylmethyl cellulose in varying proportions to provide the desired release 

profile. Tablets may optionally be provided with an enteric coating, to provide release in 
parts of the gut other than the stomach. 

Compositions suitable for topical administration in the mouth include lozenges comprising 
the active ingredient in a flavoured base, usually sucrose arid acacia or tragacahth gum; 
20 pastilles comprising the active ingredient in an inert basis such as gelatin and glycerin, or 
sucrose and acacia gum; and mouthwashes comprising the active ingredient in a suitable 
liquid carrier. 

The compounds of Formula (D may also be administered intranasally or via inhalation, for 
example by atomiser, aerosol or nebulizer means. 

25 Compositions suitable for topical administration to the skin may comprise the compounds 
dissolved or suspended in any suitable carrier or base and may be in the form of lotions, 
gel, creams, pastes, ointments and the like. Suitable carriers include mineral oil, propylene 
glycol, polyoxy ethylene, polyoxypropylene, emulsifying wax, sorbitan monpstearate, 
polysorhate 60,.cetyl.esters wax^ cetearyl alcohol, 2-octyldodecanol/ benzyl alcohol and 

30 water. Transdermal devices, such as patches, may also be used to administer the 
compounds of the invention. 



Compositions for rectal administration may be presented as a suppository with a suitable 
carrier base comprising, for example, cocoa butter, gelatin, glycerin or polyethylene glycol. 
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Compositions suitable for vaginal administration may be presented as pessaries, tampons, 
creams, gels, pastes, foams or spray formulations containing in addition to the active 
ingredient such carriers as are known in the art to be appropriate. 

Compositions suitable for parenteral administration include aqueous and non-aqueous 
5 isotonic sterile injection solutions which may contain antioxidants, buffers, bactericides 
and solutes which render the composition isotonic with the blood of the intended recipient; 
and aqueous and non-aqueous sterile suspensions which may include suspending agents 
and thickening agents. The compositions may be presented in unit-dose or multi-dose 
sealed containers, for example, ampoules and vials, and may be stored in a freeze-dried 
10 (lyophilised) condition requiring only the addition of the sterile liquid carrier, for example 
water for injjections/immediately prior to use. Extemporaneous injection solutions and 
suspensions may be prepared from sterile powders, granules and tablets of the kind 
previously described. 

Preferred unit dosage compositions are those containing a daily dose or unit daily 
15 sub-dose, as herein above described, or an appropriate fraction thereof, of the active 
ingredient 

It should be understood that in addition to the active ingredients particularly mentioned 
above, the compositions of this invention may iadude other agents conventional in the art 
having regard to the type of composition in question, for example, those suitable for oral 

20 administration may include such further agents as binders, sweeteners, thickeners, 

flavouring agents, disintegrating agents, coating agents, preservatives, lubricants and/ or 
time delay agents. Suitable sweeteners include sucrose, lactose, glucose, aspartame or 
saccharine. Suitable disintegrating agents include corn starch, methylcellulosie, 
polyvinylpyrrolidone, xanthan gum, bentonite, alginic acid or agar. Suitable flavouring 

25 agents include peppermint oil, oil of wintergreen, cherry, orange or raspberry flavouring. 
Suitable coating agents include polymers or copolymers of acrylic acid and/dr methacrylic 
acid and/ or their esters, waxes, fatty alcohols, izein, shellac or gluten. Suitable 
preservatives include sodium beraoate, vitamin E, alpha-tocopherol, ascorbic acid, methyl 
paraben, propyl paraben or sodium bisulphite. Suitable lubricants include magnesium 

30 ^^^e,ste^ 

include glyceryl monostearate or glyceryl distearate. 

It will be recognised that other therapeutically active agents such as anti-inflammatory (eg 
steroids such as glucocorticoids) or anti-cancer agents may be used in conjunction with a 
compound of Formula (I). Compounds of Formula (I) when administered in conjunction 
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with other therapeutically active agents may exhibit an additive or synergistic effect. These 
may be administered simultaneously/ either as a combined form (ie as a single composition 
containing the active agents) or as discrete dosages. Alternatively, the other 
therapeutically active agents may be administered sequentially or separately with the 
5 compounds of the invention. Thus, the invention also relates to kits and combinations, 
comprising a compound of Formula (I) and one or more other therapeutically active 
ingredients for use in the treatment of diseases or conditions described herein. Without 
being limiting, examples of agents which could be used in combination with a compound 
of Formula (I) include; antirheumatic drugs (including but not limited to methotrexate, 

10 leflunomide, sulphasalazine, hydroxycholbrquine, gold salts); immunosuppressive drugs 
(including but not limited to cyclosporin, mycophenyllate mofetil, azathioprine, 
cyclophosphamide); anti-cytokine therapies (including but not limited to antagonists of, 
antibodies to, binding proteins for, or soluble receptors for tumor necrosis factor, 
interleukin 1, interleukin 3, interleukin 5, interleukin 6, interleukin 8, interleukin 12, 

15 interleukin 18, interleukin 17, and other pro-inflammatory cytokines as may be found 
relevant to pathological state); antagonists or inhibitors of mitogen-activated protein 
(MAP) kinases (including but not limited to antagonists or inhibitors of extracellular 
signal-regulated kinases (ERK), the c-Jun N-terminal kinases/stress-activated protein 
kinases (JNK/ SAPK), and the p38 MAP kinases, and other kinases or enzymes or proteins 

20 involved in MAP kinase-dependent cell activation); antagonists or irittibitors of the nuclear 
factor kappa-B (NF-B) signal transduction pathway (including but not limited to 
antagonists or inhibitors of I-B-kinase, interleukin receptor activated kinase, and other 
kinases or enzymes or proteins involved in NF-B-dependent cell activation); antibodies, 
protein therapeutics, or small molecule therapeutics interacting with adhesion molecules 

25 and co-stimulatory molecules (including but not limited to therapeutic agents directed 

against intercellular adhesion molecule-1, CD40, CD40-ligand, CD28, CD4, CD-3, selectins 
such as P-selectin or E-selectin); bronchodilators such as e-adrenoceptor agonists or 
anti-diolinergics; antagonists of eicosanoid synthesis pathways such as non-steroidal 
anti-inflammatory drugs, cydooxygenase-2 inhibitors, thromboxane inhibitors, or 

30 lipoxygenase inhibitors; antibodies or other agents directed against leukocyte surface 
antigens (including but not limited to antibodies or other agents directed against CD3, 
CD4, CDS, CD19, CD20, HLA molecules); agents used for the treatment of inflammatory 
bowel disease (including but not limited to sulphasalazine, mesalazihe, salicylic acid 
derivatives); anti-cancer drugs (including but riot limited to cytotoxic drugs, cytolytic 

35 drugs, monoclonal antibodies). 
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In another aspect the invention provides a method of treating or preventing a disease or 
condition wherein MDF cytokine or biological activity is implicated comprising: 

administering to a mammal a compound of formula (I) and a second therapeutic 
agent. 

5 In a preferred embodiment of this aspect of the invention, the second therapeutic agent is a 
glucocorticoid compoimd. 

In another aspect the present invention provides a method of prophylaxis or treatment of a 
disease or condition for which treatment with a glucocorticoid is indicated, said method 
comprising: administering to a mammal a glucocorticoid and a compound of formula (I). 

10 In yet another aspect the present invention provides a method of treating steroid-resistant 
diseases comprising admioistering to a mammal a glucocorticoid and a compoimd of 
formula (I). 

In a further aspect the present invention provides a method of enhancing the effect of a 
glucocorticoid in mammals comprising administering a compoimd of formula (I) 
15 simultaneously, separately or sequentially with said glucocorticoid. 

fci yet a further aspect .j^pKm^ixam^m provides a composition comprising a 
glucocorticoid and a compoimd of formula (I). 

In a further aspect of the invention there is provided a use of a glucocorticoid in the 
manufacture of a medicament for administration with a compound of formula (I) for the 
20 treatment or prophylaxis of a disease or condition for which treatment with a 
glucocorticoid is indicated. 

In yet a further aspect of the invention there is provided a use of a compound of formula (I) 
in the manufacture of a medicament for administration with a glucocorticoid for the 
treatment or prophylaxis of a disease or condition for which treatment of a glucocorticoid 
25 is indicated. 

In yet a further aspect of the invention there is provided a us£ of a glucocorticoid and a 
compoimd of; formula (I) in die manufacture of a medicament for the treatment or 
prophylaxis of a disease or condition for which treatment with a glucocorticoid is 
indicated. 
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Preferably the amount of. glucocorticoid used in the methods, uses and compositions of the 
invention is less than the amount which would be effective in the absence of the compound 
of formula (I). In the treatment of steroid-resistant diseases or conditions which are not 
responsive to glucocorticoids, any amount of glucocorticoid which is effective in 
5 combination with a compound of formula (I) is considered less than the amount which 
would be effective in the absence of a compound formula (I). Accordingly, the invention 
provides a steroid-sparing therapy. 

In preferred embodiments of the invention, the glucocorticoid and the compound of 
f ormula (I) are used to treat or prevent a disease or condition in a mammal, preferably in a 
10 htiman subject. 

The term "disease or condition fqr which treatment with a glucocorticoid is indicated" 
refers to diseases or conditions which are capable of being treated by administration of a 
glucocorticoid including but not limited to autoimmune diseases> tumours, or chronic or 
acute inflammatory diseases. Examples of such diseases or conditions include: 

15 rheumatic diseases (including but not limited to rheumatoid arthritis, osteoarthritis, 

psoriatic arthritis) spondyloarthropathies (including but not limited to ankylosing 
spondylitis, reactive arthritis, Reiter's syndrome), crystal arthropathies (including, 
but not iiinited to gout pseudogout ^ disease), 
Lyme disease, polymyalgia rheumatica; 

20 connective tissue diseases (including but not limited to systemic lupus 

erythematosus, systemic sclerosis, polymyositis, dermatomyositis, Sjogren's 
syndrome); 

vasculitides (including but not limited to polyarteritis nodosa, Wegener's 
granulomatosis, Churg-Strauss syndrome); 

25 inflammatory conditions including consequences of trauma or ischaemia, 

sarcoidosis; 

vascular diseases induding atherosclerotic vascular disease, atherosclerosis, and 
vascular occlusive disease (including but not limited to atherosclerosis, ischaemic 
heart disease, myocardial infarction, stroke, peripheral vascular disease), and 
30 vascular stent restenosis; 

ocular diseases including uveitis, corneal disease, iritis, iridocyclitis, cataracts; 
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autoimmune diseases (including but not limited to diabetes mellitus, thyroiditis, 
myasthenia gravis, sclerosing cholangitis; primary biliary cirrhosis); 

pulmonary diseases (including but not limited to diffuse interstitial lung diseases, 
pneumoconioses, fitaroing alveolitis, asthma, bronchitis, bronchiectasis, chronic 
obstructive pulmonary disease, adult respiratory distress syndrome); 

cancers whether primary or metastatic (including but not limited to prostate cancer, 
colon cancer, lymphoma, lung cancer, melanoma, multiple myeloma, breast cancer, 
stomach cancer, leukaemia, cervical cancer and metastatic cancer); 

renal diseases including glomerulonephritis, interstitial nephritis; 

disorders of the hypothalairriopituitary-adrenal axis; 

nervous system disorders including multiple sclerosis, Alzheimer's disease; 

diseases characterised by modified angiogenesis (eg diabetic retinopathy, 
rheumatoid arthritis, cancer), endometrial function (menstruation, implantation, 
endometriosis); 

complications of infective disorders including endotoxic (septic) shock, exotoxic 
(septic) shock, infective (true septic) shock, malarial complications, other 
complications of infection, pelvic inflammatory disease; 

transplant rejection, graft-versus-host disease; 

allergic diseases including allergies, atopic diseases, allergic rhinitis; 

bone diseases (eg osteoporosis, Paget's disease); 

skin diseases including psoriasis, atopic dermatitis, UV(B)-induced dermal cell 
activation (eg sunburn, skin cancer); 

complications of diabetes mellitus, pain, testicular dysfunctions and wound 
heSutg, '" '•- • ' 

gastrointestinal diseases including inflammatory bowel disease (including but not 
limited to ulcerative colitis, Crohn's disease), peptic ulceration, gastritis, 
oesophagitis, liver disease (including but not limited to cirrhosis, hepatitis). 



WO 2004/089927 



PCT/AU2004/000453 



47 

These diseases or conditions may also include steroid-resistant diseases or conditions 
where treatment with a glucocorticoid is indicated, but where the glucocorticoid is 
ineffective or is not as effective as expected. 

The methods of the invention are preferably performed in a steroid-sparing maimer. The 
5 term "steroid-sparing" refers to a combination therapy method that allows a reduction in 
the amount of glucocorticoid administered while still providing an effective therapy for die 
disease or condition being treated or prevented. 

Steroid-resistant diseases or conditions are diseases or conditions for which treatment with 
a glucocorticoid is indicated, but where the glucocorticoid is ineffective or is not as 

10 effective as expected. This term encompasses diseases or conditions for which the effective 
dose of glucocorticoid results in unacceptable side effects and/ or toxidty. Some 
steroid-resistant diseases or conditions may require a dosage of glucocorticoid so large that 
they are considered non-responsive and therefore are not able to be successfully treated 
with glucocorticoids. Some steroid-resistant diseases or conditions may require a large 

15 dosage of glucocorticoid to achieve only a small effect on the symptoms of the disease or 
condition. Furthermore, some patients, diseases or conditions present with symptoms that 
do not resppnd to treatment with a glucocorticoid, or may become less sensitive to 
glucocorticoid treatment over time. 



Glucocorticoids are a group of steroid hormones, which are used to treat or prevent a wide 
20 range of diseases or conditions. Suitable glucocorticoids may be synthetic or naturally 
occurring and include but are not limited to prednisolone, prednisone, cortisone acetate, 
beclamethasone, fluticasone^ hydrocortisone, dexamethasone, methyl prednisolone, 
triamcinolone, budesonide and betamethasone. 

In preferred embodiments of the invention, the glucocorticoid used is selected from 
25 prednisone, prednisolone, hydrocortisone, fluticasone, bedamethasohe, betamethasone, 
methyl prednisolone, budesonide, triamcinolone, dexamethasone and cortisone. Most 
preferably, the glucocorticoid is selected from prednisone, prednisolone, methyl 
prednisolone, fluticasone and bedamethasone. Bedamethasone and fluticasone are 
particularly preferred for treating asthma. Prednisone, prednisolone and methyl 
30 prednisolone are particularly preferred in the treatment of systemic or local inflammatory 



The amounts of glucocorticoid and compound of formula (I) are sdected such that in 
combination they provide complete or partial treatment or prophylaxis of a disease or 
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condition for which a glucocorticoid is indicated. The amount of compound formula (I) is 
preferably an amount that will at least partially inhibit the cytokine or biological activity of 
MIF. The amount of glucocorticoid is preferably less than the amount required in the 
absence of the compound of formula (I). The amounts of glucocorticoid and compound of 
5 formula (I) used in a treatment or therapy are selected such that in combination they at 
least partially attain the desired therapeutic effect; or delay onset of, or inhibit the 
progression of, or halt or partially or fully reverse die onset or progression of the disease or 
condition being treated. The amounts of glucocorticoid and compound of fbrmulai (I) used 
in the prophylaxis of a disease or condition are selected such that in combination they at 
10 least partially prevent or delay the onset of the disease or condition. Dosing may occur at 
intervals of minutes, hours, days, weeks, months or years or continuously over any one of 
these periods. 

Suitable doses of a compound of formula (I) may lie within the range of about 0.1 ng per kg 
of body weight to 1 g per kg of body weight per dosage. The dosage is preferably in the 

15 range of 1 jig to 1 g per kg of body weight per dosage, such as is ini the range of 1 mg to 1 g 
per kg of body weight per dosage. In one embodiment the dosage is in the range of 1 mg 
to 500 mg per kg of body weight per dosage. In another embodiment, the dosage is in the 
range of 1 mg to 250 mg per kg of body weight per dosage. In yet another preferred 
embodiment the dosage is in the range of 1 mg to 100 mg per kg of body weight per 

20 dosage, such as up to 50 mg per kg of body weight per dosage. In yet another 

embodiment, the dosage is in the range of 1/ig to lmg per kg of body weight per dosage. 

Suitable dosage amounts of glucocorticoids will depend, in part on the mode of 
administration and whether the dosage is being administered in a single, daily or divided 
dose, or as a continuous infusion- When administered orally, intravenously, 
25 intramuscularly, intralesionally or intracayity (eg. intra-articular, intrathecal, intrathoracic), 
dosages are typically between 1 mg to 1000 mg, preferably 1 mg to 100 mg, more 
preferably 1 mg to $0 mg or 1 mg to 10 mg per dose. When administered topically or by 
inhalation as a single, daily or divided dose, dosages are typically 1 ng to 1 fig, 1 ng to 1 mg 
or 1 pg to 1 /ig. 

30 Suitable dosage amounts and dosing regimens can fee determined by the attending 

physician or veterinarian and may depend on the desired level of inhibiting activity, the 
particular condition being treated, the severity of the condition as well as the general age, 
health arid weight of the subject. 
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The glucocorticoid and compound of formula (I) may be administered simultaneously or 
sequentially. The active ingredients may be administered alone but are preferably 
administered as a pharmaceutical^ acceptable composition or separate pharmaceutical^ 
acceptable compositions. 

5 The formulation of such compositions is well known to those skilled in the art and are 

described above in relation to compounds of formula (I). The composition or compositions 
may contain pharmaceutical^ acceptable additives such as carriers, diluents or excipients. 
These include, where appropriate, all conventional solvents, dispersion agents, fillers, solid 
carriers, coating agents, antifungal and antibacterial agents, dermal penetration agents, 
10 surfactants, isotonic and absorption agents and the like. It will be understood that the 

compositions of the invention may also include other supplementary physiologically active 
agents. 

Preferred unit dosage compositions are those containing a daily dose or unit, daily 
sub-dose,, as herein above described, or an appropriate friction thereof, of the 
15 glucocorticoids and/ or compound of formula CD which inihibit the cytokine or biological 
activity of MIR 

The compounds of formula (I), either as the only active agent or together with another 
a ^Y e ^S^ ?g^ for use in veterinary compositions. 

These may be prepared by any suitable means known in the art Examples of such 
20 compositions include those adapted for: 

oral administration, external application (eg drenches including aqueous and 
non-aqueous solutions or suspensions), tablets, boluses, powders, granules, pellets 
for admixture with feedstuffs, pastes for application to the tongue; 

parenteral administration, eg subcutaneous, intramuscular or intravenous injection 
25 as a sterile solution or suspension; and 

topical application eg creams, ointments, gels, lotions, etc 

By virtue of their ability to bind to or antagonize MBP, compounds of Fonnula (I> or salts or 
derivatives thereof may be used as laboratory or diagnostic or in vivo imaging reagents. 
Typically, for such use the compounds would be labelled in some way, for example, radio 
30 isotope, fluorescence or colorimetric labelling, or be chelator conjugated. In particular, 
compounds of Formula (I) could be used as part of an assay system for MIF or as controls 
in screens for identifying other inhibitors. Those skilled in the art are familiar with such 
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screens and could readily establish such screens using compounds of Formula (I). Those 
skilled in the art will also be familiar with the use. of chelate conjugated molecules for in 
vivo diagnostic imaging. 

Inhibitors of MIF may also be used in implantable devices such as stents. Accordingly, in a 
5 further aspect the present invention provides an implantable device, preferably a stent 
comprising: 

(i) a reservoir containing at least one compound of formula (I); and 

(ii) means to release or elute the inhibitor from the reservoir 

There is further provided a method for inhibiting the cytokine or biological activity of MIF 
10 in a subject comprising the step of implanting an implantable device according to the 
invention in the subject. 

Preferably, the method is for inhibiting the cytokine or biological activity df MIF in a local 
region of the subject and the device is implanted within or proximate to the local region of 
the subject. 

15 In a.yet further aspect, the present invention provides a method of treating, preventing or 
diagnosing a disease pr condition .wherein MIF cytokine activity is implicated comprising 
the step of implanting an implantable device according to the invention in a subject in need 
thereof. 

Preferably, the disease or condition is confined to a local region of the subject and the 
20 device is implanted within or proximate to the local region. 

The present invention further provides an angioplasty stent for inhibiting the onset of 
restenosis, which comprises an angioplasty stent operably coated with a prophylactically 
effective dose of a composition comprising at least one compound of formula (I). 

Angioplasty stente> also known by other terms such as "intravascular stents" or simply 
25 "stents", are well known in the art They are routinely used to prevent vascular closure due 
' Wpfygi^ due to surgical 

trauma. They often have a tubular, expanding lattice-type structure appropriate for their 
function, and can optionally be biodegradable. 

In this invention, the stent can be operably coated with at least one compound of formula 
30 (I) using any suitable means known in the art Here, "operably coating" a stent means 
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coating it in a way that permits the timely release of the compound(s) of formula (I)into the 
surrounding tissue to be treated once the coated stent is administered. Such coating 
methods, for example, can use the polymer polypyrrole. 

The present invention further provides a method for inhibiting the onset of restenosis in a 
5 subject undergoing angioplasty, which comprises topically administering a stent according 
to the present invention to the subject at around the time of the angioplasty. 

As used herein, administration "at around die time of angioplasty" can be performed 
during the procedure, or immediately before or after the procedure. The administering can 
be performed according to known methods such as catheter delivery. 

10 There is further provided a method of reducing the severity of stent restenosis in the 
vicinity of a stent comprising the use of a stent according to the present invention. 

The construction of stents that release or elute a pharmaceutical active is known to those 
skilled in the art The standard approach is to use current highly refined metallic stent 
designs with polymer materials that release the active in a controlled manner. Several 

15 polymer materials have beeri used for the coating of stents to permit the elution of drugs. 
These include bioerodible polymers such as poly-L lactic acid, biostable polymers such as 
polyurethane derivatives and slilicone-based polymers, as well as hydrogels. It will be 
recognised by those skilled in the art that the function of a drug-eluting stent requires the 
drug to be bound to the stent or its polymer or other coating in such a way as to allow 

20 steady release of drug over a period of time, and that the drug is able to be locally absorbed 
into cells in the vessel and stent lumen. The optimum stent coating material and delivery 
parameters vary according to the tissue retention of the drug, such that rapid release of a 
tissue-retained drug can have long lasting effects, whereas a drug retained in tissues for a 
shorter time would need to be released over a longer period. A person skilled in the art 

25 would be able to select appropriate materials and conformations of stent for a particular 
purpose and particular small molecule inhibitor. 

Unless the context indicates otherwise, reference to any prior art in this specification is not 
and should not be taken as, an acknowledgment or any form of suggestion that that prior 
ait forms part of the common general knowledge in Australia. 

30 Those skilled in the art will appreciate that the invention described herein is susceptible to 
variations and modifications other than those specifically described. It is to be understood 
that the invention includes all such variations and modifications which fall within the spirit 
and scope. The invention also includes all of the steps, features, compositions and 
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compounds referred to or indicated in this specification, individually or collectively, and 
any and all combinations of any two or more of said steps or features. 

The invention will now be described with reference to the following examples which are 
included for the purpose of illustration only and are not intended to limit the generality of 
5 the invention hereinbefore described. 

EXAMPLES 

Example 1: Preparation of 

2-(2-hydroxyethpxy)-2-(4-hyd^ (Compound 1) 




-OH 



Compound 1 

10 A mixture of 3-methyl-prhydroxybenzaldehyde (0.5 g, 3.6 mmol), ethylene glycol (0.34 g, 
5.5 mmol) and p-toluenesulfonic acid (0.07 g, 036 mmol) in toluene was heated under 

reflux. After 24 h, the reaction mixture was cooled to room temperature, TLC showed no 
starting material. The toluene was removed in vacuo and saturated solution of sodium 
hydrogen carbonate (20 ml) was added to the residue, which was then extracted with ethyl 
15 acetate (3 x.20 ml). The organic layer was washed with water (20 ml), dried over anhydrous 
sodium sulfate and the solvent was removed in vacuo. The residue was then recrystallised 
from an ethyl acetate and hexane mixture to give the product as a brown solid in 24% 
yield. 

J H NMR (CDCI3): 2.21 (s, 3H), 3.62 (t 2Fi J - 45 Hz), 370 (t, 2H, J - 42 Hz), 3.81 (fe2HJ« 
20 4.7 Hz), 4.42 (t,2H,J = 4J Hz), 6.74 (d, 1H, J = 8.4 Hz), 7.21 (d, 1H, J = 8.4 Hz) and 7.78 (s, 
1H). MS: m/e 263 (M+ + Na), 179 (M+ - OCH^CHzOH), 147, 135, 118 and 107. 



"C NMR (CDC1 3 ): 15.7, 61.1, 63.5, 69.1, 72.4, 1140, 1205, 124.5, 128.4, 135.6, 159.8 and 167.1. 
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Example 2: Preparation of 2-(2-hydroxyethoxy)-2-(4-hydroxyphenyl)-l / 3-dioxolane 
(Compound 2) 




.OH 



Compound 2 

To a solution of p-hydroxybenzaldehyde (lg, 8.18 mmol) in anhydrous toluene (100 mL) 
5 was added ethylene glycol (0.68 ml* 1228 mmol), pyridinium toluene sulphonate (0.2 g, 
0.88 mmol) and p-toluene sulphonic acid monohydrate (0.16 g, 0.88 mmol). The solution 
was refluxed overnight before concentrating the solvent to furnish an amber gum. 
Saturated sodium bicarbonate (50 mL) was then added to the reaction mixture, and 
extracted with ethyl acetate (3x 50 mL). The organic extracts were dried over magnesium 
10 sulphate, filtered, and c»n(^trated to furnish a dark brown gum. The gum was 

chromatographed on silica (ether/ methanol, 9.5:0.5) to furnish the title compound as a 
dark brown solid (173 mg, 9%). 

*H NMR (CDCI3): 7.88 (d, 2H, 2x ArCH, J 8.7 Hz), 7.49 (bs, 1H, phenolic hydroxyl), 6.82 (d, 
2H, 2x ArCH, J 8.7 Hz), 4.46, 3.84 (2x appt, 2x 2H, 2x ethoxy CH* Jvic 4.5 Hz), 3.74 (m, 2H, 
15 dioxolan CHJ, 3.66 (appt 2H, dioxolan CH* Jvic 4.8 Hz); 

LRMS (ESI): m/z 227 [M+H+]; C U H U CV 22653 
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Example 3: Preparation of 

2-(2-hydroxyethoxy)-2-(3-bromo-^ (compound 3) 




OH OH 

Compound 3 



A mixture of compound 1 (109 mg; 0.4 mmol), N-bromosuccinamide (80 mg; 0.4 mmol) 
5 and AIBN (7.3 mg; 0.045 mmol) in dry carbon tetrachloride was refluxed for 5 hrs, TLC did 
not show any of the starting material. The reaction mixture was cooled to room 
temperature and then concentrated to dryness. The residue was dissolved in ethyl acetate 
(2 x 10 ml). The clear solution was washed with distilled water (5 x 10 ml), dried over 
anhydrous Ma^SOi and evaporated to dryness. This gave a 47% yield of compound 3, 



10 l H NMR (CDQa): 2.32 (s, 3H), 3.65 ft, 2H, J = 4.4 Hz), 3.74 (t, 2H, J « 4.3 Hz), 3.83 (t,2H, J = 
4.7 Hz), 4.46 (t 2H, J - 4.8 Hz), 7.80 (s, 1H) and 8.02 (s, 1H). 
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Example 4: Preparation of 2-(4-Bromophenyl)-l,3-thiazolane (compound 4) 




5 Compound 4 

Melting Point Ref : UK patent GB2010827A. 

To a solution of 4-bromobenzaldehyde (2J5 g, 13.5 mmol) in EiOH (15 ml) was added a 
solution?!^ The 
solution was then stirred at RT for 18 h before the bulk of the EtOH was removed by rotary 

10 evaporator. The residue was diluted with water (15 rrd) and extracted with ether (3x20 ml) 
to remove excess aldehyde. The acidic aqueous layer was then basified with the slow 
addition of solid sodium carbonate (0.3 g) to give a heavy white precipitate, which was 
filtered and washed carefully with water (3x10 ml). Hie solid was dried in a vacuum 
desiccator to give 2-(4-bromophenyl)-l > 3-fhiazolane (4) as a white crystalline solid (0.73 g, 

15 68%), mp 107° (lit mp, 105-107°). *H nmr (d^dmso, 300 MHz) 2.4, br s, NH; 3.05-3.2, m, 
H4>4^; 3.5-3.6, m, H5; 5.55, s, H2; 738, d (8.4 Hz), ArH; 7.47, d (8.4), ArR ESI (+ve) MS 
m/z 287/285 (M+MeCN+H, 30%), 246/244 (M+H, 100). 



WO 2004/089927 



PCT/AU2004/000453 



56 

Example 5: Preparation of 2^4-Methoxyphenyl)-l,3-thiazolane (compound 5) 



i — i 




Compounds 

Melting Point Ref : US patent 4616025 

5 To a solution of p~methoxybenialdehyde (1.81 g, 13.3 mmol) in ethanol (15 ml) was added 
dropwise a solution of cysteamine HQ (05 g, 4.4 mmol) in water (5 ml) and die solution 
stirred at RT for 18 h. The bulk of the ethanol was removed by rotary evaporator and the 
residue was diluted with water (15 ml) and extracted with diethyl ether (3x20 ml) to 
remove excess aldehyde. The aqueous layer was basified by addition of solid sodium 

10 carbonate (0.3 g) causing the product to precipitate out of solution. The precipitate was 
filtered, washed carefully with water (3x20 ml) and dried in a vacuum desiccator to give 
2-(4-methoxyphenylH/3-fhia2X)Iane (5) as a white solid (0.55 g, 69%), mp 94-95° (Kt mp, 
93-94°). *H nmr (CDCl* 300 MHz) 251, s, NH; 3.05-3.20, m, H4A5; 3.64, m, H5; 3.80, s, 
OMe; 5.23, s, H2; 6.87, d (8.7 Hz), H3V5'; 7.44, d (8.7), H2',H6\ ESI (+ve) MS m/z 196 (M+H, 

15 100%). 
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Example 6: Preparation of 4-(l,3-ITuazoUdin-2-yl)benzonitriIe (compound 6) 




Compound 6 

5 To a solution of 4-cyanobenzaldehyde (0.86 g, 6.6 mmol) in ethanol (15 ml) was added a 
solution of cysteamine HQ (OS g, 4.4 mmol) in water (5 ml) and the solution stirred at RT 
for 18 K The bulk of the ethanol was removed by rotary evaporator and the residue was 
treated with water (15 ml) and extracted with diethyl ether (3x20 ml) to remove excess 
aldehyde. The aqueous layer was basified with solid sodium carbonate (0.3 g) resulting in 

10 Ae fon^jt^ extracted vyith ether (2x25 mJX washed with brine 

(1x50 ml), dried (MgSO^ and evaporated to give a clear oil that solidified on standing (0.62 
g). Column chromatography (silica gel, 100% chloroform) afforded pure 
4-(l^tMazoUdin-2-yI)benzorritrile (6) (0.56 g, 67%) as clear oil that solidified on standing, 
mp 57-58°. l H nmr (CDCI3, 300 MHz) 3.05-3.15, m, H4>4; 3.2-335, m, H5; 3.4-3.5, m,H5; 

15 5.64, s, H2; 7.63, app. s, HZPJffjS'. ESI (+ve) MS m/z 191 (M+H, 100%). 
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Example 7: Preparation of Z-C^Hydroxy-S-mettioxj^phenylVXS-thiazolane (compound 
7) 



i — i 

^NH 




Melting Point Ref: Chem. Pharm. Bull. 1988, 36, 1110-1116. 

To a solution of vanillin (2.0 g, 13.2 mmol) in ethanol (15 ml) was added dropwise a 
solution of cysteamine HQ (05 g, 4.4 mmol) in water (5 ml) and the solution stirred at RT 
for 16.5 h. T$&l8u& 

10 diluted with water (15 ml) and extracted with diethyl ether (3x20 ml) to remove excess 
aldehyde. The aqueous layer was basified by addition of solid sodium carbonate (03 g) 
causing the product to precipitate out of solution. Hie precipitate was filtered, washed 
carefully with water (3x20 ml) and dried in a vacuum desiccator to give 
2-(4-hydroxy-3-methoxyphenylH^-*iazolane (7) as a white solid (0.62 g, 67%), mp 

15 158-161° (lit mp, 182-183°). l H nmr (d 6 -dmso, 300 MHz) 2.&-3.0, m, H4,4,5; 3.12, br s, NH; 
3.4-3.6, m, H5; 3.76, S/ OMe; 5.34, s, H2; 6.70, d (8.0 Hz), H5'; 6.84, dd (1.8, 8.1 Hz), H6'; 7.04, 
d (1.8 Hz), H2'; 8.91, s, OH. ESI (+ve) MS m/z 212 (M+H, 100%). 
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Example 8: Preparation of 2-(3>Dimethoxyphenyl)-l / 3-aiiazolane (compound 8) 




OMe 

Compound 8 

To a solution of 3,4-dimethoxybenzaldehyde (2.19 g, 13.2 mmol) in ethanol (15 ml) was 
5 added dropwise a solution of cysteamine HQ (0.5 g, 4.4 mmol) in water (5 ml) and the 
solution stirred at RT for 40 h. The bulk of the ethanol was removed by rotary evaporator 
and the residue was diluted with water (15 ml) and extracted with diethyl ether (3x20 ml) 
to remove excess aldehyde The aqueous layer was basified witih solid sodium carbonate 
(0.3 g) resulting in the formation of an oil. The mixture was extracted with ether (2x25 ml), 

10 washed yftth biftie ( 1x50 ml), dried (MgSQ 4 ) md evaporated to give a dear oil that 

solidified on standing (0.77 g). The material was triturated with hexane (3x5 ml) to give 
2-(3,4-dimethoxyphenyl)-l / 3-thiazolane (8) as a friable white solid (0.65 g, 66%), mp 54-56°. 
l H nmr (drdmso, 300 MHz) 2.8-3.2, m, H4A5; 3.5, m, H5; 3.73, s, OMe; 3.74, s, Qme; 5.37, d 
(10.2 Hz), H2; 6.87, d (8.1 Hz), H5; 6.96, dd (1.7,8.1 Hz), H6; 7.06, d (1.5 Hz), H2. ESI (+ve) 

15 MS m/ z 226 (M+H, 100%). 
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Example 9: Preparation of Methyl 442-<4-fluorophenyl)-l,3-dioxolan-2-ylJbutanoate 
(compound 9) 




OMe 



Compound 9 

5 Methvl 5-(4-fl uorophenvIV£k>xopentanoate 

To a solution of 5-(4rfluorophenyl)-5-oxopentanoic acid (3.0 g, 14.3 mmol) in dry MeOH (50 
ml) was added concentrated sulfuric acid (50 mg) and the mixture refluxed under nitrogen 
for 16 h. The bulk of the MeOH was removed by rotary evaporator andthe residue treated 
with sodium bicarbonate solution (5%, 100 ml) and extracted with ethyl acetate (3x50 ml). 
10 The organic extract was washed with water (1x100 ml), brine (1x100 ml), dried (NzgOj 
and evaporated to give methyl 5-(4-fluorophenyl)-5-oxopaitanoate (2.69 g, 84%) as a white 
crystalline solid. 

Methyl 4-r2^fluorop henvlVl3-dioxolan-2>vllbutanoate (9) 

To a solution of 5-(4rfluorophenyl)-5-oxopentanoate (2.26 g, 10 mmol) in toluene (60 ml) 
15 was added ethylene glycol (1.95 ml, 35 mmol) and p-toluenesulfonic acid monohydrate (60 
mg, 0.32 mmol) and the mixture refluxed in a Dean-Stark apparatus under nitrogen for 17 
h. The toluene was removed by rotary evaporator and the residue treated with sodium 
bicarbonate solution (5%, 50 ml) and extracted with ether (2x50 ml). The ether extract was 
washed with brine (1x50 ml), dried (Na£0 4 ) and evaporated to give methyl 
20 4-[2^4-fluorophenyl)-l>dioxolan-2-ylIbutanoate (9) as a pale yellow oil (2.47 g, 91%). *H 
nmr (CDCl* 300 MHz) 1.6-1.7, m, H3; 1.9, m, H4; 2.30, t (75 Hz), H2; 3.64, s, OMe; 3.7-3.8, 
m, CH 2 0; 3.95-4.05, m, CH 2 0; 7.01, m, H3',5'; 7.41, m, H2',6'. ESI (+ve) MSm/z 269 (M+H, 
45%). 
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Example 10: Preparation of 4-[2-(4-FluorophenylVl/3-dioxoIan-2-yl]butan-l-ol 
(compound 10) 




OH 



5 Compound 10 

To a suspension of lithium aluminium hydride (0.167 g, 4.4 mmol) in dry tetrahydrofuran 
(10 ml) was added dropwise a solution of methyl 

^^-(^fluorophenylVl^dioxoian^-ylJbutanpate (9) (0.50 g, 1.86 mmol) in dry 
tetrahydrofuran (10 ml) with stirring under nitrogen. Once the addition was complete 

10 stirring was continued at RT for 2 h following by refluxing under nitrogen for 1 h. Water 
was cautiously added to destroy excess hydride then the reaction mixture tipped into 
sodium carbonate solution (1.7%, 150 ml) and extracted with ethyl acetate (2x50 ml). Hie 
ethyl acetate extract was washed with brine (1x50 ml), dried (NajSO^ and evaporated to 
give a yellow oil (0.394 g). Purification by column chromatography (silica gel, 80:3 

15 chloroform/ n-propanol) afforded 4-[2-(4-fluorophenyl)-l,3-dioxolan-2-ylJbutan-l-ol (10) 
(0.252 g, 56%) as a clear colourless oil. *H nmr (CDCl* 300 MHz) 135-1. 50, m, H3; 1.55, 
quin (6.9 Hz), H2; 1.90, m, H4; 3.60, m, HI; 3.76, m, CH 2 0; 4.01, m, CH 2 0; 7.01, m, H3',5'; 
7.41, m, H2',6\ ESI (+ve) MS m/z 179 (M-QH.A, 90%). 
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Example 11: Preparation of 2-(4'-Bromophenyl)-24mtyl-l,3-dioxolane (compound 11) 




Compound 11 

To a solution of 4'-bromovalerophenone (2.41 g, 10 mmol) in benzene (60 ml) was added 
5 ethylene glycol (2.0 ml, 36 mmol), p-toluenesulfonic acid monohydrate (100 mg, 0.53 
mmol) and the mixture refluxed under nitrogen in a Dean-Stark apparatus for 16 h. The 
reaction mixture was washed with sodium bicarbonate solution (5%, 50 ml), brine (1x50 
ml), dried (Na£0 4 ) and evaporated to give 2-(4-bromophenyl)-2-butyH^-dioxolane (11) 
as a clear oil (2.61 g, 92%). l H nmr (CDd* 300 MHz) 0.88, t (6.9 Hz), H4"; 12-1 A m, 
10 H2",3"; 1.88, m, HI"; 3.7-3.8, m, CHp; 4.0-4.1, m, CH 2 0; 7.34, d (8.4 Hz), H2',6'; 7.49, d (8.4 
Hz),H3',5'. ESI (+ve) MS m/z285/2S7(M+WZ%)< 
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Example 12: Preparation of 4-(4-Methoxyphenyl)-l-(3-meftylbutyl)-lfl;pyrazole 
(compound 12) 



To p-bromoanuole (025 g, 1.33 mmol) was added a solution of 
M3^methyifc^^ 

mmol) in tetrahydrofuran (10 ml), potassium carbonate (0.29 g, 2.1 mmol) and 
[l / l-bis(diphenylphofiphino)feiTOcene] dichloropalladium (II) (12 mg, 0.023 mmol) and the 
mixture refluxed under nitrogen for 17 h. Water (50 ml) was added to the reaction mixture 
and stirring continued at RT for 15 min followed by extraction with ether (2x50 ml), drying 
(MgS0 4 ) and evaporation of the ether extract to give a brown oil (0.414 g); Purification by 
column chromatography (silica gel, 100% chloroform) afforded 



4-(4-methoxyphenyl)-l-(3-meiiiyIbutyl)-l^pyrazole (12) as a waxy pale yellow solid (37 
mg, 11%). 'H nmr (CDdj, 300 MHz) 0.97, d (6.6 Hz), 2xMe; 1.64 sept (6.6 Hz), H3"; 1.80, 
dt (7.2 Hz), H2"; 3.82, s, OMe; 4.15, t (7.5 Hz), HI"; 6.90, d (8.7 Hz), H3',5'; 7.39, d (8.7 Hz), 
H2',6'; 754, s, H3 or H5; 7.69, s, H5 or H3. ESI (+ve) MS m/z245 (M+H, 100%). 




OMe 



Compound 12 
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Example 13: Preparation of l-(3-MethyIbutyl)-^<4^nethylphenylV-lff pyrazole 
(compound 13) 




Me 

Compound 13 



5 To a solution of p-bromotoluene (0.66 g, 3.86 mmol) in tetrahydrofuran (20 ml) was added 
a solution of l-(3-methyIbutyl)^(4A5,5-^ 

(0.41 g, 135 mmol) in tetrahydrofuran (10 ml), potassium carbonate (0.42 g, 3.0 mmol), 
[l / l-bis(diphenylphosphino)ferrocene] dichloropalladium (II) (40 mg, 0.077 mmol) and 
water (40 pi) and the mixture refluxed under nitrogen for 43 k Water (50 ml) was added to 

10 the reaction mixture and stirring continued at RT for 10 nun followed by extraction with 
ether (2x50 ml). The ether extract was then dried (MgSO^ and evaporated to give a brown 
oil (056 g) that solidified oh standing. Purification by column chromatography (silica gel, 
100% chloroform) afforded l-(3-methyIbutyl)-4K4-methylphenyl)-l/f pyrazole (13) as a 
waxy pale yellow solid (0.216 g, 53%). l H nmr (CDCI3, 300 MHz) 0.97, d (6.3 Hz), 2xMe; 

15 1.62, m, H3"; 1.80, dt (7.3 Hz), H2"; 235, s, 4'-Me; 4.16, t (7.5 Hz), HI"; 7.16, d (8.1 Hz), 
H3',5'; 7.37, d (8.1 Hz), H2 / ,6 / ; 7.59, s, H3 or H5; 7.74> s, H5 or H3. ESI (+ve) MS m/z229 
(M+H, 100%). 
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Example 14: Preparation of 2 / 6-Dimethoxy-3-[4-(tiifluoromethoxy)phenyl]pyri 
(compound 14) 

OMe 




Compound 14 

5 To a solution of l-bromo^(trifluoromethoxy)benzene (0.92 g, 3.86 mmoi) in 
tetrahydrofuran (20 ml) was added a solution of 

2,6-dimethoxy-3^4 / 4A5-te^ (0.40 g, 1.50 mmol) 

in tetrahydrofuran (10 ml), potassium carbonate (0.42 g, 3.0 mmol), 
[l / l-bis(diphenylphosphino)ferrocene] dichloropalladium (H) (40 mg, 0.077 mmol) and 

10 water (40 nl) and the mixture refluxed under nitrogen for 43 h. Water (50 ml) was added to 
the reaction mixture and stirring continued at RT for 10 min followed by extraction with 
ether (2x50 ml). The ether extract was then dried (MgSO*) and evaporated to give a dark 
mobile oil (0504 g). Purification by column chromatography (silica gel, 3:1 
hexane/ dichloromethane) afforded 2,6-dimethoxy-3-[4-(trifluoromethoxy)phenyl]pyridine 

15 (14) as a clear, colourless oil (0.372 g, 83%). *H nmr (CDd* 300 MHz) 3.97, s, 2x OMe; 6.40, 
d (8.1 Hz), H5; 7.24> d (8.4 Hz), H3',5'; 755, m, H2,2',6'. ESI (+ve) MS m/*300 (M+H 
100%). 
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Compound 15 

5 To a solution of 4-(2-thienyl)benzaldehyde (500.0 mg> 2.66 mmol) in EtOH (5.0 mL) was 
added a solution of cysfeamine HCI (101,0 mg, 0.89 mmol) in water (2.0 mL) dropwise with 
stimng; The solution was then stirred at room temperature for 18 hours before the bulk of 
the EtOH was removed by rotary evaporator. The resulting residue was diluted with 
water (15.0 mL) and extracted with ether (3x30.0 mL) to remove excess aldehyde. The 

10 acidic aqueous layer was then basified with die slow addition of solid sodium carbonate 
(300.0 mg) to afford a white precipitate, which was filtered and washed carefully with 
water (3 x 20.0 mL). The 6olid was dried under reduced pressure to afford 
2-[4-(2-thienyl)phenyl]-l / 3-thiaz6lane (15) as a yellow powder (30 mg, 4.6%). 'H nmr 
(CDCI3, 300 MHz) 3.14, m, H4,4>5; 3.64, m, H5; 5.95, s, H2; 7.08, m, thienyl-H; 7.31, m, 2 x 

15 thienyl-H; 7.50, d (8.1 Hz), 2 x phenyl-H; 7.59, d (8.4 Hz), 2 x phenyl-H. ESI (+ve) MS m/z 
248 (M+H, 100%). 
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Example 16: Preparation of Z-Ethyl-Z-t^methoxyphenyD-l^dioxolane (compound 16) 




OMe 

Compound 16 

5 4'-Methoxypropiophenone 

To a solution of 4'4iydroxypropiophenone (1.0 g, 6.67 mmol) in acetonitrile (50.0 mL) was 
added potassium carbonate (7.17 g, 66.7 mmol) and the mixture heated to reflux for 90 min. 
After this time the reaction mixture was allowed to cool to room temperature and dimethyl 
sulphate (1.05 mL, 11.1- mmol) was added and the reaction mixture Was heated to reflux for 

10 a further 19 hu After cooling the acetonitrile was evaporated under reduced pressure and 
the residue taken up in water and extracted with dichloromethane. The dichloromethane 
extract was dried (MgSOJ and evaporated under reduced pressure to give 
4'-methoxypropiophenone as a yellow oil, (970 mg, 89 %) l H nmr (d 6 -DMSO, 300 MHz) 
1.06, t (7.2 Hz), CH* 2.95, q (72 Hz), CH*- 3.83, s, OMe; 7.02, d (6.9 Hz), H3',5'; 7.93, d (6.9 

15 Hz), W?,6'. ESI (+ve) MS m/z 165 (M+H, 100%). 

2-Ethvl-2-(4-methoxvphenvIVl^dioxolane (16) 

To a solution of 4'-methoxypropiophenone (250,0 mg, 1.52 mmol) in toluene (20.0 mL) was 
added ethylene glycol (255.0 fiL, 457 mmol) and p-toluenesulfonic add monohydrate (13.0 
mg, 0.04 mmol) and the reaction mixture refluxed overnight using a Dean^Stark apparatus. 
20 The reaction mixture was cooled to room temperature, then washed with saturated 

aqueous sodium bicarbonate solution followed by water. The toluene solution was then 
dried (MgSOJ and evaporated under reduced pressure to afford 
2-ethyl-2-(4-methoxyphenyl>.l>dioxolane (16) as a yellow oil (184 mg, 58%). a H nmr 
(CDCl* 300 MHz) 0.76, t (6.6 Hz), CH* 1.78, q (6.9 Hz), CH^ 3.65, m, CH 2 0, 3.73, s, 4'-OMe; 
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3.95, m, CH 2 0; 6.88, d (7.2 Hz), H3',5'; 7.02, d, (7.5 Hz), H2',6'. ESI (+ve) MS m/zim 
(M+H, 100%). 

Example 17: Preparation of 2-Hexyl-2-(4-methylphenyl)-l,3-dithiolane (compound 17) 



I 1 




5 Compound 17 

a->Hexy}-4-iinethyl^enzeneinethano} 

(Ref: Liang, X,; Bols, M. / Chem. Soc, Perkin Trans. 1 2002, 503-508.) 

1-Iodohexane was added dropwise to a stirred suspension of magnesium turnings (987 mg, 
40:6 mmol, 2.0 eqtriv:) in anhydrotiiS diethyl ether (40 mL), cooled in ah ice-waiter bath and 

10 under an atmosphere of dry nitrogen. The addition was followed by a vigorous exotherm 
after which a cloudy suspension resulted. Stirring was continued at ambient temperature 
for 2 hours before recooling to 0 °C 4-Tolualdehyde (1.21 mL, 102 mmol, 0.5 eq.) was 
added dropwise and the reaction mixture was stirred at ambient temperature for 2 hours 
prior to careful quenching with saturated aqueous ammonium chloride solution (20 mL). 

15 The biphasic mixture was stirred for 10 minutes, tike organic phase was isolated and the 
aqueous phase was twice extracted with diethyl ether. The organic phases were combined/ 
dried over anhydrous magnesium sulfate and concentrated in vacuo to afford a colourless 
oil which was purified by flash chromatography on silica gel, eluting with hexane-ethyl 
acetate (4:1) to give the desired benzylic alcohol (2.10 g, 100%). *H nmr (200 MHz, CDCI3) 

20 0,83-1.7? (m, 13H, (CH^fS^l 2.34 (s, 3H AXCH3), 4.61 (tj = 3.8 Hz, 2H, CHOH), 7.14 (d, J 
- 4.0 Hz, 2H, 2 x ArH), 7.23 (d, J = 4.2 Hz, 21i 2 x ArH). 

l-(4-Me%iphe^ylV^heptayio^ 

To a stirred solution of a-hexyl-4-meti\yl-benizenemethanoI (2.10 g, 10.2 mmol.) in 
anhydrous dichlorometiiane (45 mL) under an atmosphere of dry nitrogen was added 
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pyridinium chlorochromate (3.08 g, 14.3 mmol., 1.4 eq.). Stirring was continued at room 
temperature for 3 hours after which time analysis by thin layer chromatography revealed 
complete conversion of the starting alcohol. Following evaporation of the reaction solvent 
the desired ketone (1.929 g, 93%) was isolated by flash chromatography on silica gel 
5 eluting with hexane-ethyl acetate (4:1). *H nmr (200 MHz, CDCI3) 0.86-1.76 (m, 3H, 

(CH^CHa), 2.41 (s, 3H, ArCKQ, 2.93 (t, J - 3.6 Hz, 2H, COCHJ, 7.25 (d, J = 4.2 Hz, 2H, 2 x 
ArH), 7.86 (d, J = 42 Hz, 2H, 2 x ArH). 

2-Hexvl^(4-methvlphenvlVl3-dithin1 a nP (171 

(Ret Banik et al. Tetrahedron Lett. 2001, 42, 4425-4427.) 

Ill 

10 To a stirred solution of M4-methylphenylM-heptanone (500 mg, 2.45 mmol) and 

1,2-ethanedithiol (250 jaL, 2.94 mmol., 1.2 eq.) in anhydrous tetrahydrofuran (5.0 mL) under 
an atmosphere of dry nitrogen was added iodine (62 mg, 0.245 mmol., 0.10 eq.). The 
reaction mixture was stirred at ambient temperature for several days after which time 
analysis by thin layer chromatography revealed a mixture of starting material and a new 

15 less polar compound which stained positively towards phosphomolybdic acid. 

Evaporation of the solvent gave a strong smelling crude oil which was purified by flash 
chromatography on silica gel eluting with hexane-dichloromethane (2:1) to afford the 
desired dithiolane (17; 300 mg, 44% isolated) as a colourless oil. *H nmr (200 MHz, CDC1 5 ) 
0.80-0.86 (m, 3H, CH 2 CHJ, 1.21-1.29 [m, 10^ (CHaJJ, 2.32 (s, 3H, ArCH*), 3.16-3.41 (m, 4H, 

20 SCH2), 7.01 (d, J - 4.0 Hz, 2H 2 x ArH), 7.56 (d,J = 4.1 Hz,2H,2x ArH). 

||^ Example 18: Preparation of 2-Methyl-2-(4-methylphenyI)-l^-dithiolane (compound 18) 




Me 

Compound 18 
(Ret Banik et al. Tetrahedron Lett. 2001, 42, 4425-4427.) 
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To a stirred solution of the 4-methylaeetophenone (1.34 mL, 10.0 mmol) and 1,2- 
ethanedithiol (838 nL, 10.0 mmol, 1.0 eq.) in anhydrous tetrahydrofuran (20.0 mL) under 
an atmosphere of dry nitrogen was added iodine (253 mg, 1.0 mmol., 0.10 equiv.). The 
reaction mixture was stirred at ambient temperature for five days after which time analysis 

5 by thin layer chromatography revealed a mixture of starting material and a new less-polar 
compound which stained positively towards phosphomolybdic acid. Evaporation of the 
solvent gave a strong smelling crude oil which was purified by flash chromatography on 
silica gel f eluting with hexane-ethyl acetate (4:1) to afford the desired dithiolane (558 mg, 
27% isolated) as a pale yellow oil (a low melting solid). l H nmr (200 MHz, CDCls) 2.14 (s, 

10 3H, CH^ 2.33 (s, 3H, ArCH 3 ), 3.32-353 (m, 4H, SCHjCHjS), 7.12 (d, /« 8.5 Hz, 2H, 2 x 

ArH), 7.63 <dd,/« 85, 1.9 Hz, 2H, 2 x ArH). ^ 

Example 19: Preparation of a-Hexyl-Z^i-methylphenyU-l^-dioxolane (compound 19) 




Me m. 

w 

15 Compound 19 

(Ref: A. Srikishna and R. Viswajanani, Tetrahedron, 1995, 51, 3339-) 

A mixture of l-(4-methylphenyl)-l-heptanone (200 mg, 0.980 mmol), p-toluenesulfonic acid 
(17 mg, 0.098 mmol) and ethylene glycol (0.16 mL, 2.9 mmol) in dry toluene (10 mL) was 
heated at reflux with a Dean-Stark apparatus under nitrogen for 24 h. The mixture was 

20 allowed to cool to room temperature and the solvent was evaporated in vacuo. The 

residue was taken up in ether (20 mL) and the solution was washed with saturated sodium 
carbonate solution (2 x 10 mL) and brine (1 x 10 mL), men dried (NajSO*) and concentrated 
under reduced pressure. Flash column chromatography of the residue, eluting with 
dichloromethane/hexane (1:2) afforded 2-hexyl-2-(4-methylphenyl)-l>dioxolane (19) as a 

25 tan-coloured oil (162 mg, 67 %). l H nmr (200 MHz, CDCU) 0:80-0.92 (m, 3H, CHjCfQ, 
1.18-1.40 [m, 8H (CH,)J, 1.84-1.89 (m, 2H, CCHj), 2.34 (s, 3H, ArOU 3.73-3.81 (m, 2H, 
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OCH 2 ), 3.94-4.02 (m, 2H, OCH 2 ), 7.13 (d, /= 8.2 Hz, 2H, 2 x ArH), 732 (d, /= 8.2 Hz, 2H, 2 x 
ArH). 

Example 20: Preparation of 2^4-Odorophenyl)-2-methyl-l^dioxane (compound 20) 




5 Compound 20 

(Ref. B. Karimi, G. R. Ebrahimian and H. Sheradj, Org. Lett, 1999, 1, 1737.) 

To a stirred mixture of 4-chloroacetophenone (1.3 mL, 10 mmol), triethylfonnate (2.0 mL, 
12 mmol), 1,3-propanediol (2.2 mL, 30 mmol) and dry methanol (1*2 mL) in dry CH 2 Q 2 (50 
mL) was added NBS (53 mg, 0.30 mmol): The mixture was phbtiected iErtim light and stirred 

10 at room temperature under an inert atmosphere of nitrogen for 70 h. After the mixture was 
washed with saturated aqueous sodium bicarbonate solution (20 mL), the aqueous phase 
was extracted with dichloromethane (3 x 30 mL). The combined organic solution was 
washed with water (2 x 20 mL), brine (1 x 20 mL), then dried (NajSOJ and concentrated 
under reduced pressure. Flash column chromatography of the residue, eluting with 37% 

15 aqueous ammonia:ether:hexane (0.02:1:6) afforded 

2-(4-chlorophenyl)-2-meAyH,3-dioxane (20) as a colourless oil (1.1 g, 52%). X H nmr (200 
MHz, CDd 3 ) L49 (s, 3H, OU 1.98-2.25 (m, 2H, OCH 2 CHfil 2 0), 3.65-4.10 (m, 4H, 
OCH£H 2 CHJD), 730-750 (m, 4H, 4 x ArH) . 
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Example 21: Preparation of 2-(4-CMorophenyl)-2-methyl~l^dioxoIane (compound 21) 




To a stirred mixture of 4-chloroacetophenone (13 mL, 10 mmol), triethylformate (2.0 mL, 
5 12 mmol), ethylene glycol (1.7 mL, 30 mmol) and dry methanol (1.2 mL) in dry 

dichloromethane (50 mL) was added NBS (53 mg, 030 mmol). The mixture was protected 
from light and stirred at room temperature under an inert atmosphere of nitrogen for 70 h. 
After the mixture was washed with saturated sodium bicarbonate solution (20 mL), the 
aqueous phase was extracted with dichloromethane (3 x 30 mL). The combined organic 
10 solution was washed with water (2 x 20 mL), brine (1 x 20 mL), then dried (NaaSOj and 
concentrated under reduced pressure. Hash column chromatography of the residue, 
elutmg with 37% aqueous ammonia:ethenhexane (0.02:1:6) afforded 
2^4-chlorophenyl)-2-methyI-l^-dipxolane (21) as a colourless oil (1.1 g, 51%). l H nmr (300 
MHz, CDd 3 ) 1.63 (s, 3H CH 9 ), 3.72-3.82 (m, 2^00^, 3.98-4.09 (m, 2H, OCHJ, 7.42 (d, / || 
15 = 8.6Hz,2H,2x ArH), 7.30 (d, /= 8.6 Hz, 2H, 2 x ArH) . 
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Example 22: Preparation of 2-Methyl-2-(4-methyljphenyl)-l r 3-dioxane (compound 22) 




Compound 22 

To a stirred mixture of 4-methylacetophenone (1.3 mL, 10 mmol), triethylformate (2.0 mL, 
12 mmol), 1,3-propanediol {22 mL, 30 mmol) and dry methanol (1.2 rnL) in dry 
dichloromethane (50 mL) was added NBS (53 mg, 0.30 mmol). The mixture was protected 
from light and stirred at room temperature under an inert atmosphere of nitrogen for 70 h. 
After the mixture was washed with saturated sodium bicarbonate solution (20 mL), the 
aqueous phase was extracted with dichloromethane (3 x 30 mL). The combined organic 
solution was washed with water (2 x 20 mL), brine (1 x 20 mL), then dried (NajSOJ and 
concentrated under reduced pressure. Flash column chromatography of the residue, 
eluting with 37% aqueous ammoniaiethenhexane (0.02:1:6) afforded 
2-methyl-2r(4-methylphenyl)-l/3-dioxane (22) as a colourless oil (480 mg> 24%). l H nmr 
(200 MHz, CDQ3) 1.50 (s, 3H, CHj), 1.96-2.25 (m, 2H, OCH 2 C«£H 2 0), 2.37 (s, 3H, ArCH 3 ), 
3.70-4.00 (m, 4H, OCHjCH 2 CHjD), 7.23 (d, /« 83 Hz, 2H, 2 x ArH), 733 (d, /= 83 Hz, 2H, 
2x ArH). 
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Example 23: Preparation of Z-Methyl-Z-^methylphenyD-l^dioxolane (compound 23) 




Compound 23 

5 A mixture of 4-methylacetophenone (LOO g, 7.45 mmol), p-toluenesulfonic acid (133 mg, 
0.745 mmol) and ethylene glycol (1.20 mU 22.4 mmol) in dry toluene (20 mL) was heated at 
reflux with a Dean-Stark apparatus under nitrogen for 24 h. The mixture was allowed to 
cool to room temperature and die solvent was evaporated in vacuo. The residue was taken 
up in ether (20 mL) and the solution was washed with saturated sodium bicarbonate 

10 solution (2 x 10 mL) and brine (I x 10 mL), then dried QSIaaSOJ and concentrated under 

reduced pressure. Flash column chromatography of the residue, eluting with 37% aqueous 
ammonia:etherJhexane (0.02:1:6) afforded 2-methyl-2-(4-metihylphenylVl><iioxolane (23) 
as a colourless oil (1.05 g, 59 %). l H nmr (200 MHs, CDQ3) 1.65 (s, 3H, CH3), 2.35 (s, 3H, 
ArCHj), 3,74-3,86 (m, 2H, OCH^ 3.94-4.06 (m, 2H, OCH*), 7.15 (d,/« 82 Hz, 2H, 2 x ArH), 

15 7.37 (d, /=8.2 Hz, 2H, 2 x ArH). 
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Example 24: Preparation of 2^4-CMorophenyl)-2-methyl-l^<Bthiolane (compound 24) 




Compound 24 

(Ref . S. Samajdar, M. K. Basu, F. F. Becker and B. K. Banik, Tetrahedron Lett., 2001, 42, 
5 4425.) 

A mixture of 4-chloroacetophenone (1.3 mL, 10 mmol), iodine (250 mg, 1 mmol), 
1,2-ethanedithiol (0.85 ml, 10 mmol) in dry tetrahydrofuran (20 mL) was heated at reflux 
under an atmosphere of nitrogen for 16 h. The mixture was allowed to cool to room 
temperature and concentrated in vacuo and the residue taken up in ether (20 mL), The 

10 organic solution was washed with water (2 x 10 mL) and brine (1 x 10 mL), thai dried 
QStajSOJ and evaporated under reduced pressure. Hash column chromatography of the 
residue, eluting with 37% aqueous ammonia:ethenhexane (0.02:1:6) afforded 
2-(4^hlorophenyl)-2-methyH3-diduolane (24) as a colourless oil (1.11 g, 48%). *H nmr 
(300 MHz, CDd 3 ) 2.13 (s, 3H, CH3), 3.31-3.53 (m, 4H, SCH 2 CH£), 7.27 (d, /= 8.7 Hz,2H,2 

15 x ArH), 7.69 (d, /= 8.7 Hz, 2H, 2 x ArH). 
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Example 25: Preparation of 2-{4-Nitrophenyl)-2-methyl-l,3-dioxoIane (compound 25) 




Compound 25 

A mixture of 4-iutroacetophenone (1.65 g, 10,0 mmol), p-toluenesulfonic acid (172 mg, 1.00 
5 mmol) and ethylene glycol (1.7 ml* 30 mmol) in dry toluene (20 mL) was heated at reflux 
with a Dean-Stark apparatus under nitrogen for 24 h. The mixture was allowed to cool to 
room temperature and the solvent was evaporated in vacuo. The residue was taken up in 
ether (20 mL) and the solution was washed with saturated sodium bicarbonate solution (2 
x 10 mL) and brine (1 x 10 mL), then dried ($i*£Od and concentrated under reduced 
10 pressure, Recrystalttsation from 

2-(4-rutrophenyl)-2-methyl-l^-dioxolane (25) as a pale yellow crystals (1.52 g, 73 %; yield 
based from the first crop of crystals). *H nmr (300 MHz, CDQ 3 ) 1.66 (s, 3It CH 3 ), 3.71-3.83 
(nv 2fi OCHj), 4.02-4,13 (m, 2H, OOy, 7.63-7.73 (d, /- 8.8 H^2H,2x ArH), 8.16-8.26 (d, 
/«8.8H^2H2xArH). ® 
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Example 26: Preparation of 2r(4-Nitrophenyl)-2-methyH r 3-dioxane (compound 26) 




N0 2 

Compound 26 

A mixture of 4-nitroacetophenone (1.65 g, 10.0 mmol), p-toluenesulfonic acid (172 mg, 1.00 
5 mmol) and 1,3-propartediol (2.3 mL, 30 mmol) in dry toluene (20 mL) was heated at reflux 
with a Dean-Stark apparatus under nitrogen for 24 h. The mixture was allowed to cool to 
room temperature and the solvent was evaporated in vacuo. The residue was taken up in 
ether (20 mL) and the solution was washed with saturated sodium bicarbonate solution (2 
x 10 mL) and brme (1 x 10 mL), then ^ed CNa^D^) and concentrated under reduced 
10 pressure. Recrystallisation from ether and hexane afforded 

2-(4-nitrophenyl)-2-methyH^-dioxane (26) as a pale yellow crystals (1.60 g, 72 %; yield 
based from die first crop of crystals). l H nmr (300 MHz, CDd 3 ) 1.52 (s, 3H, CHJ, 2.08-2.22 
(m, 2H, 0CH 2 CF£CH 2 O), 3.65-3.80 (m, 2Ii OCHj), 3.88-4.00 (m, 2H, OCHj), 7.63 (d, /= 8.9 
Hz, 2H, 2 x ArH), 826 (d, /= 8.9 Hz, 2H, Z x ArH). 
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Example 27: Preparation of 2-(4-Methoxyphenyl)-l / 3-oxathiolane (compound 27) 




Compound 27 



A mixture of anisaldehyde (273 mg, 2.00 mmol), freshly distilled 2-mercaptoethanol (625 
5 mg, 8.00 mmol), sodium sulfate (852 mg, 6,00 mmol) and freshly fused zinc chloride (818 
mg, 6.00 mmol) in dry 1,4-dioxane (1 nil) was stirred under nitrogen at room temperature 
for 16 h. Water (10 ml) and ethyl acetate (20 ml) were added and the phases separated. 
The ethyl acetate layer was washed with more water (10 ml) followed by saturated 
aqueous sodium chloride solution (10 ml). The solution was then dried (NaaSO*), filtered 
10 and the solvent removed in vacuo to give a colourless oil (528 mg). To 260 mg of the oil 
were added toluene (20 ml) and />-toluenesulf6nic acid monohydrate (5 mg, 26 fimol) and 
the mixture was refluxed for 3 h. After cooling the toluene was reimoved in vacuo and the 
residual oil subjected to flash chromatography (ether/ hexane gradient) to give 
2-(4rmethoxyphenyl)-l^bxatiiioIane (27) (74 mg, 39%) as a colourless oil. l H nmr 
15 (ds-dmso, 300 MHz) 5 3.18 (m, 2H); 3.81 (m, 1H); 4.45 (m, 1H); 5.98, (s, 1H); 6.90 (d, /8.7 Hz, 
2H); 7.36 (d, /8.7 Hz, 2H). ESI (+ve) MS m/z 197 (M+H, 100%). 
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Example 28: Preparation of Z-CS^^Trunethox^henylW^oxathiolane (compound 28) 




OMe 

Compound 28 

A mixture of 3,4^trimethoxybenzaldehde (393 mg, ZOO mmol), freshly distilled 
5 2-mercaptoethanoI (469 mg, 6.00 mmol), sodium sulfate (568 mg, 400 mmol) and freshly 
fused zinc chloride (545 mg, 4.00 mmol) in dry 1,4-dioxane (1 ml) was stirred under 
nitrogen at room temperature for 16 h. Water (10 ml) and ethyl acetate (20 ml) were added 
and the phases separated. The ethyl acetate layer was washed with more water (10 ml) 
followed by saturated aqueous sodium chloride solution (10 ml). The solution was then 
10 dried (sodium sirifate),;&toed^ in vaaiato give a colourless oil 

(513 mg). To the oil was added toluene (20 ml), jotoluenesulfdnic acid monohydrate (5 mg, 
26 pmol) and the mixture was refluxed f or 2 h. After cooling, the toluene was removed in 
vacuo and the residual oil subjected to flash chromatography (ether/hexane gradient) to 
give 2-(3,4>5-trimethoxyphenyl)-l^oxathiolane (28) (174 mg, 34%) as a colourless oil. *H 
15 nmr (drdmso, 300 MHz) 8 3.17 (m, 2H); 3.64 (s, 3H); 3.75 (s, 6H); 3.84 (m, 1H); 448 (m, 1H); 
5.98, (s, 1H); 6.72 (s, 2H). ESI (+ve) MS zn/z257 (M+H, 100%). 
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Compound 29 

A mixture of vanillin (304 mg, 2.00 mmol), freshly distilled 2-mercaptoethanol (469 mg, 
5 6.00 mmol), sodium sulfate (568 mg, 4.00 mmol) and freshly fused zinc chloride (545 mg, 
4.00 mmol) in dry 1,4-dioxane (1 ml) was stirred under nitrogen at room temperature for 16 
h. Water (10 ml) and ethyl acetate (20 ml) were added and the phases separated. The ethyl 
acetate layer was washed wilh more water (10 ml) followed by saturated aqueous sodium 
chloride solution (10 ml). The solution was then dried (sodium sulfate), filtered and the 
10 solvent removed in vacuo to give a roknjriess pil (507 mg). To the ott was added toluene 
(20 ml) and />toluenesulfonic acid monohydrate (6 mg, 31 nmol) and the mixture was 
refluxed for 1 h. After cooling ihe toluene was removed in vacuo and the residual oil 
subjected to flash chromatography (ether/ hexane gradient) to give 
2«methoxy-4-(l / 3-oxathiolan-2-yl)phenol (29) (34 mg, 8%) as a colourless oil which 
15 solidified upon standing. *H nmr (d^dmsb, 300 MHz) 6 3.17 (m, 2H); 3.74 (s, 3H); 3.78 (m, 
1H); 4.45 (m, 1H); 5.93, (s, 1H); 6.72 (d, /7.8 Hz, 1H); 6.84 (dd, /7.8, 1.8 Hz, 1H); 6.97 (d, J13 
Hz, 1H). ESI (+ve) MS m/z213 (M+H, 65%). 
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Example 30: Preparation of 4^(13-OxatMolan-2-yI)benzonitrile (compotind 30) 




Compound 30 

A mixture of 4-cyanobenzaldehyde (262 mg, ZOO mmol), freshly distilled 
5 2-mercaptoethanol (469 mg, 6.00 mmol), sodium sulfate (568 mg, 4.00 mmol) and freshly 
fused zinc chloride (545 mg, 4.00 mmol) in dry 1,4-dioxane (1 ml) was stirred under 
nitrogen at room temperature for 16 h. Water (10 ml) and ethyl acetate (20 ml) were added 
and the phases separated. The ethyl acetate layer was washed with more water (10 ml) 
followed by saturated aqueous sodium chloride solution (10 ml). Hie solution was then 

10 dried : (sodn^ oil 
(512 mg). To the oil was added toluene (25 ml) and jp-toluenesulfonic acid monohydrate (6 
mg, 31 pmol) and the mixture was refluxed for Ih. After cooling, the toluene was removed 
in vacuo and the residual oil subjected to flash chromatography (ether /hexane gradient) to 
give 4-(l / 3-oxathiolan-*2-yl)benzordtrile (30) (106 mg, 28%) as a colourless oil. *H nmr 

15 (drdmso, 300 MHz) 6 3.20 (m, 2H); 3.92 (m, 1H); 4.49 (m, 1H); 6.16, (s, 1H); 759 (d, /8.1 Hz, 
2H);7.82(d,/8.1Hz,2H). 
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Example 31: Preparation of 2-(4-Bromophenyl)~2-ethyl-l,3^xalhioIane (compound 31) 




Compound 31 

A mixture of ^bromopropiophenone (426 mg, 2.00 mmol), freshly distilled 
5 2-mercaptoethanol (469 mg, 6.00 mmol), sodium sulfate (568 mg, 4.00 mmol) and freshly 
fused zinc chloride (545 mg, 4.00 mmol) in dry 1,4-dioxane (1 ml) was stirred under 
nitrogen at room temperature for 16 h. Water (10 ml) and ethyl acetate (20 ml) were added 
and the phases separated. The ethyl acetate layer was washed with more water (10 ml) 
followed by saturated aqueous sodium chloride solution (10 ml). The solution was then 
10 dried (sodium sulfate), filtered and the solvent qangy& m^ oil 
(560 mg). The oil was subjected to flash chromatography (ether/hexane gradient) to give 
2-(4-bromophenyl)-2-ethyH3-oxathiolane (31) (214 mg, 39%) as a colourless oil. *H nmr 
(d«-dmso, 300 MHz) 5 0.77 (% J72 Hz, 3H); 2.05 (q, f72 Hz, 2H); 3.07 (m, 2H); 3.86 (m, 1H); 
4.30 (m, 1H); 731 (d, /8.7 Hz, 2H); 751 (d, /8.4 Hz, 
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Example 32: Preparation of 4-(5-MethyM>^xathiolan«-2-yl)ben2orutrile (compound 32) 

Me 

i — r 




Compound 32 

A mixture of 4-cyanobenzaldehyde (131 mg, 1.00 mmol), l-mercapto-2-propanol (276 mg, 
5 3.00 mmol), sodium sulfate (284 mg, 2.00 mmol) and freshly fused zinc chloride (273 mg, 
2.00 mmol) in dry 1,4-dioxane (1 ml) was stirred under nitrogen at room temperature for 16 
h. Water (10 ml) and ethyl acetate (20 ml) were added and the phases separated. The ethyl 
acetate layer was washed with more water (10 ml) followed by saturated aqueous sodium 
chloride solution (10 ml). The solution was then dried (sodium sulfate), filtered and the 
10 solvent removed in vacuo to give a colourless oil (284 mg). To the oil was added toluene 
(25 ml) and /^toluenesulfonic acid monohydrate (6 mg, 31 \xmo\) and the mixture was 
refluxed for 70 min. After cooling the toluene was removed in vacuo and the residual oil 
subjected to flash chromatography (ether/ hexane gradient) to give a diasteromeric mixture 
of 4-(5-methyl-l,3-oxathiolan-2-yl)benzonitrile (32) (76 mg, 37%) as a colourless oil. *H nmr 
15 (dfi-dmso, 300 MHz) 8 132 & 1.43 (each d, /6.0 Hz, total 3H); 2.83 & 3.29 (each m, total 2H); 
4.21 & 4.60 (each m, total 1H); 6.17 & 6.30 (each s, total 1H); 758 (m, 2H); 7.82 (m, 2H). 
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Example 33: Preparation of Z-C^TWen-Z-ylpheriyD-l^oxathiolane (compound 33) 




5 Compound 33 

A mixture of 4-(2-thienyl)benzaldehydef (188 mg, 2.00 mmol), freshly distilled 
2-mercaptoethanol (234 mg,3.00 mmol), sodium sulfate (284 mg, 2.00 mmol) and freshly 
fused zinc chloride (273 mg, 2.00 mmol) in dry 1,4-dioxane (1 ml) was stirred under 
nitrogen at room temperature for 16 h. Water (10 ml) arid ethyl acetate (20 ml) were added 

10 and the phases separated. The ethyl acetate layer was washed with more water (10 ml) 
followed by saturated aqueous sodium chloride solution (10 ml). The solution was then 
dried (sodium sulfate), filtered and the solvent removed in vacuo to give a yellow-green 
solid (323 mg). A solution of the solid and />toluenesulf onic acid monohydrate (6 mg, 31 
Hmol) in toiuene (25 ml) was refluxed for 70 min. After codlinjg, the toluene was removed 

15 in vacuo and the residual solid subjected to flash chromatography (ether/ hexane gradient) 
to give 2-(4rtiuen-2-ylphenyl)-l,3-oxathiolane (33) (49 mg, 20%) as a white powder. l H nmr 
(d^-dmso, 300 MHz) 5 321 (m, 2H); 3.88 (m, 1H); 4.49 (m, 1H); 6.07, (s, 1H); 7.13 (dd, /5.1, 
4.8 Hz, 1H); 7.45 (d, /8.4 Hz, 2H); 751 (dd, /4.8, 1.1 Hz, 1H); 7.54 (dd, /5.1, 1.1 Hz, 1H); 
7.64 (d, /8.4 Hz, 2H). ESI (+ve) MS m/z249 (M+H, 70%). 
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Example 34: Preparation of 4-(5-Methyl-2-octyH>-oxathioIan-2-yl)phenoI (compound 
34) 




Compound 34 

5 A mixture of 4'-hydroxynonanophenone (468 mg, ZOO mmol), l-mercapto-2-propanol (553 
mg, 6.00 mmol), sodium sulfate (568 mg, 4.00 mmol) and freshly fused zinc chloride (545 
mg, 4.00 mmol) in dry 1,4-dioxane (1 ml) was stirred under nitrogen at room temperature 
for 16 h. Water (10 ml) and ethyl acetate (20 ml) were added and the phases separated. 
The ethyl acetate layer was washed with more water (10 ml) followed by saturated 

10 aqueous sodium chloride solution (10 ml). The solution was then dried (sodium sulf ate), 
filtered and the solvent removed in vacuo to give a colourless oil (688 mg). A portion of 
the oil (410 mg) was subjected to flash chromatography (ether/ hexane gradient) to give a 
mixture of the two diastereoisomers of 4^5-methyl-2-octyl-l / 3-oxatfuolan-2-yl)phenoI (34) 
(117 mg, 32%) as a colourless oil. l H nmr (d^-dmsc, 300 MHz) 5 0.82 (t, /6.6 Hz, 3H); 1.16 

15 (br. s, 12H); 1.33 (m, 2H); 1.96 (m, 2H); 2.6 & 3.1 (each m, total 2H); 3.99 & 4.11 (each m, 
total 1H); 667 (m, 2H); 7.16 (m, 2H). ESI (+ve) MS m/z3G9 (M+H, 25%). 
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Example 35: Preparation of 

2-HuoK)-5-(5-methyl-l^xaWolan-2-yI)benzenecarbonitrile (compound 35) 




F 



5 Compound 35 

A mixture of 2-fluoro-Monnylbervzonitrile (298 mg, ZOO mmol), l-mercapto-2-propanol 
(553 mg, 6.00 mmol), sodium sulfate (568 mg, 400 mmol) and freshly fused zinc chloride 
(545 mg, 4.00 mmol) in dry 1,4-dioxane (1 ml) was stirred under nitrogen at room 
temperature for 16 h. Water (10 ml) and ethyl acetate (20 ml) were added and the phases 

10 separated. The ethyl acetate layer was washed with more water (10 ml) followed by 

saturated aqueous sodium chloride solution (10 ml). The solution was then dried (sodium 
sulfate), filtered and the solvent removed In vacuoto give a colourless oil (717 mg). To this 
oil was added toluene (25 ml) and />toluenesulfonic acid monohydrate (8 mg, 41 junol) 
and the mixture was refluxed for 1.5 h. After cooling the toluene was removed In vacuo 

15 and the residual oil subjected to flash chromatography (ether/ hexane gradient) to give a 
mixture of the two diastereoisomers of 

2-fluoro-5-(5-methyl-13^xatHolan^ (35) (295 mg, 66%) as a 

colourless oil. l H nmr (d^dmso, 300 MHz) 5 1.31 & 1.42 (each d, /6.0 total 3H); 2.85 & 
3.30 (each m, total 2H); 4.18 & 461 (each m, total 1H); 6.11 & 6.25 (each s, total 1H); 731 (m, 
20 1H); 7.83 (m, 1H); 7,93 (rrv 1H). 
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Example 36: 4-Methoxy^'-(trifluoroniethoxy)-l,r-biphenyl (compound 36) 




Compound 36 

5 To a solution of l-bromo-4r(trifluoromethoxy)benzene (0.90 g, 3.7 mmol) in 

tetrahydrofuran (20 ml) was added a solution of 2-(4-methoxyphenyI)-4 j ,4^^tetrametiiyl- 
1,3,2-diox^orolane (036 g, 1 .54 mmol) in teJ^ydrofuran (10 ml), ppla^upi x^bonate 
(0.42 g, 3.0 mmol), [l,14>is(diphenylphosphino)ferrocene] diehloropalladium (II) (40 mg, 
0.077 mmol) and water (0.20 ml) and the mixture refluxed under nitrogen for 19 h. The 

10 reaction mixture was tipped into water (150 ml) and extracted with ether (2x50 ml), the 
ether extract then dried (MgSOj) and evaporated to give a tan semi-solid (0.801 g). 
Purification by column chromatography (silica gel, 4:1 hexane/ chloroform) afforded 4- 
meAoxy^Mtrifluoromethoxy^l'-biphenyl (36) as a white solid (033 g, 80%). l H nmr 
(CDCl* 300 MHz) 3.86, S/ 4-OMe; 6.99, d (8.7 Hz), H3,5; 7.26, d (8.1 Hz), H3',5'; 7.49, d (8.7 

15 Hz), H2,6 or H2',6'; 755, d (8.7 Hz), HZ,6' or H2,6. APCI (+ve) MS znA268 (M + , 80%). 
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Example 37: 2,6-Dim€thoxy-3-[4-(trifluoromethyI)phenyl]pyridine (compound 37) 

OMe 




Compound 37 



To a solution of 4-bromobenzotriflouride (0*85 g, 3.78 mmol) in tetrahydrofuran (20 ml) 
5 was added a solution of 2,6-dimethoxy-3-(4,4,5,5-tetram 

yl)pyridine (0.41 g, 1.55 mmol) in tetrahydrofuran (10 ml), potassium carbonate (0.42 g, 3.0 
mmol), [l / l-bis(diphenylphosphino)ferrocene] dicWoropalladium (II) (40 mg, 0.077 mmol) 
and water (0.2 ml) and the mixture refluxed under nitrogen for 19 h. The reaction mixture 
was tipped into water (150 ml) and extracted with ether (2x50 ml), the ether extract then 
10 dried (MgSOj and evaporated to give a light brown oil (0537 g). Purification by column 
chromatography (silica gel, 2:1 hexane/ chloroform) afforded ?,6-dimeUioxy-3-[4- 
(trifluoromethyOphenylJpyridine (37) as a dear, colourless oil (0.359 g, 82%). 'H nmr 
(CDCI3, 300 MHz) 4 ? 00, s, 2x OMe; 6.44, d (8.1 Hz), H5; 7.60, d (8.1 Hz), H4; 7.66, m, 
H2',3',5',6'. ESI (+ve) MS m/z2M (M+H, 100%). 
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Example 38 and 39 : Diastereomers of 2-(4-bromophenyl)-2-bufyl-4-propyH / 3- 
oxatfaiane (compound 38) and (compound 39) 




Br 

Compound 38/39 

5 A mixture of 4rbromovalerophenone (482 mg, 2.00 mmol), 3-mercapto-l-hexanol (805 mg, 
6.00 mmol), sodium sulfate (568 mg, 4.00 mmol) and freshly fused zinc chloride (545 mg, 
4.00 mmol) in dry 1,4-dioxane (1 ml) was stirred under nitrogen at room temperature for 16 
h. Water (10 ml) and ethyl acetate (20 ml) were added and the phases separated. The ethyl 
acetate layer was washed with more water (3x10 ml) followed by saturated aqueous 

10 sodium chloride solution (10 ml). Hie solution was then dried (sodium sulfate), filtered 
and the solvent removed in vacuoto give a colourless oil (1.112g). To 467 mg of this oil 
were added toluene (25 ml) and /^toluenesulfonic acid monohydrate (75 mg, 39 fimol) and 
the mixture was refluxed for 5 h. After cooling, the toluene was removed in vacuo and the 
residual oil subjected to flash chromatography (ether/hexane gradient) to give a colourless 

15 oil (254 mg), consisting of the starting ketone and the two diasteroisomers of 2-(4- 

bromophenyl)-2-butyl-4-propyH / 3-oxathiane (38/39). Further flash chromatography 
(dichloromethane/hexane gradient) gave in order of elution, the first diastereomer (38) as a 
colourless oil (36 mg), followed by the second diastereomer (39), also as a colourless oil (43 
mg). The *H nmr data for the separated diastereomers is given below. 

20 (38) 'H nmr (d^dmso, 300 MHz) 5 076 (t, J 7.2 Hz, 3H); 0.85 (t, J 6.9 Hz, 3H); 0.9-1.5 

(complex, 9H); 1.83 (dd, J 135, 2.7 Hz, 1H); 2.00 (ddd, J 15.0, 11.4, 4.2 Hz, 1H); 2.76 (ddd, J 
15.0, 11.7, 4.2 Hz, 1H); 3.35 (m, 1H); 3.89 (dt, J 11.7, 1.8 Hz, 1H); 3.98 (m, 1H); 7.38 (d, J 8.7 
Hz, 2H); 752 (d, J 8.7 Hz, 2H). 



WO 2004/089927 



PCT/AU2004/000453 



90 

(39) 'H nmr (oVdmso, 300 MHz) S 0.74 (t, J 7.2 Hz, 3H); 0.84 (t, J 6.9 Hz, 3H); 0.9-1.3 
(complex, 4H); 1.3-1.9 (complex, 8H); 2.61 (m, 1H); 3.40 (apparent di, J 123, 2.4 Hz); 3.83 
(ddd, J 12.3, 3.6, 1.5 Hz); 7.49 (d, J 8.7 Hz, 2H); 7.60 (d, J 8.7 Hz, 2H). 

Example 40: 4-(l,3-Dioxolan-2-yl)benzenecarbonitriIe (compound 40) 




CN 

Compound 40 



4-Cyanobenzaldehyde (500 mg, 3.81 mmol), ethylene glycol (828 mg, 1334 mmol) and a 
catalytic amount of p-toluenesulfonic acid monohydrate were refluxed in toluene (25 mL) 
overnight in a Dean-Stark apparatus. The reaction mixture was then concentrated and the 

10 residue dissolved in chloroform (50 ml) and washed with saturated sodium Wcarhonate 
solution (2x 25 mL) and brine (Ix 25 mL). The organic phase was then dried (Na^O^ and 
evaporated to give 4Kl/3^oxolan-2-yl)ben2enecarbonitiile (40) as an oil which solidified 
to a white solid (633 mg, 95%). *H NMR (CDCI3, 300 MHz): 5 404> t (13 Hz), OCH*; 4.07, t 
(2.0 Hz), OCHi 5.82, s, H2; 7.64> d (1.4 Hz), 2xArH; 7.73, d (1.3 Hz), 2xArH. ESI (+ve) MS: 

15 m/zT76 (M+H, 12%). 
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Example 41: 2-(3^Dimethoxyphenjrl)-2-hexyl-l^-dioxolahe (compound 41) 



i — i 




Compound 41 

5 l-(33-Dimethoxyphenyl)heptan-l-one (200 mg, 0.80 mmol), ethylene glycol (173 mg, 2.80 
mmol) and a catalytic amount of p-toluenesulfonic acid monohydrate were refluxed in 
toluene (25 mL) overnight in a Dean-Stark apparatus. The reaction mixture was then 
concentrated and the residue dissolved in chloroform (50 mL) and washed with saturated 
sodium bicarbonate solution (2x 25 mL) then brine (lx 25 mL). The organic phase was 

i0 dried (NajSOJ and evaporated to give 2^3^dimethoxyphenyl>-2-hexjd-l / 3*dioxolane (41) 
as a lightyeBow o2 (213 m & 90%); *H NMR<OX% 300 MHz): 8 QM, t (65 Hz), CH$; 1.31, 
m, methylene envelope; 1.89, m, CH^ 3.79-3.83, m, 2x OMe, OCHz; 4.04, m, OCH^ 6.46, m, 
H4'; 6.63, m, H2',6\ ESI (+ve) MS: m/z295 (M+H, 62%). 
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Example 42: a-C^CWorophenyl^Z^thyl-^methyl-l^dioxolane (compound 42) 




Compound 42 

/>Chloropropriophenone (250 mg, 1.48 mmol), propylene glycol (395 mg, 5.19 mmol) and a 
5 catalytic amount of p-toluenesulf onic acid monohydrate were refluxed in toluene (25 mL) 
overnight in a Dean-Stark apparatus. The reaction mixture was then concentrated and the 
residue dissolved in chloroform (50 mL) and washed with saturated sodium bicarbonate 
solution (2x 25 mL) then brine (Ix 25 mL). The organic phase was dried (Na2S04) and 
evaporated to give a ^ 
10 dioxolane (42) as an oil (329 mg, 98%). l H NMR (CDa* 300 MHz): 5 0.88, t (7.4 Hz), 

CH 2 CH3 (minor); 0.92, t (7.4 Hz), CH2CH3 (major); 1.19, d (6.1 Hz), C4-Me (minor); 1.32, d 
(6.0 Hz), C4-Me (major); 1.87, m, CH 2 CH3 (both); 3.27, t (8.0 Hz), H5 (minor); 333, t (72 
Hz), H5 (major); 3.92, t (73 Hz), H5 (major); 4.05, app q (63 Hz), H4 (major); 42a dd (5.8, || 
8.1 Hz), H5 (minor); 4.33, m, H4 (minor), 7.3-75, m, 4xArH (both). ESI (+ve) MS: znA244 
15 <M+NH<,7%). 
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Example 43: 5-(5^DiethyI-l^dioxan-2-yl)-2-fluoroben2ehecarbonifaile (compound 43) 




F 

Compound 43 



2-Huoro-5-formylbenzonitrile (250 mg, 1.68 mmol), 2,2-diethyl-l,3-propanedioI (776 mg, 
5 5.87 mmol) and a catalytic amount of p-toluenesulfonic acid monohydrate were refluxed in 
toluene (25 mL) overnight in a Dean-Stark apparatus. The reaction mixture was then 
concentrated and the residue dissolved in chloroform (50 mL) and washed with saturated 
sodium bicarbonate solution (2x 25 mL) then brine (lx 25 mL). The organic phase was 
dried (NajSOj and evaporated to give an oil. The oil was then chromatographed on silica 
10 gel (4:1 hexane/ ethyl acetate) to give 5-(5 / 5-diethyH / 3-dioxan-2-yl)-2- 

fluorobenzenecarbonitrile (43) as a light yellow oil (401 mg, 91%). l H NMR (MeOD, 300 
MHz): 6 0.90, t (7.7 Hz), CH 2 CH^ 0.97, t (75 Hz), CH 2 CH<>; 1.25, q (7.6 Hz), CHjCH* 1.86, q 
(7.6 Hz), CHjCHg; 3.72, d (115 Hz), CH 2 0; 4.02, d (11.4 Hz), CH 2 0; 552, s, H2; 7.42, t (9.3 
Hz), H3; 7.86, m, H^6. ESI (+ve) MS: m/z 264 (M+H, 11%). 
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Example 44 2-(4-ChlorophenyIH^-dihydro-l r 3-oxazole (compound 44) 




Compound 44 

7>Chlorobenzoic acid (05 g, 3.19 mmol) was suspended in thionyl chloride (25 mL) and 
5 refluxed overnight The excess thionyl chloride was removed in vacuo to furnish the acid 
chloride as a light brown solid. The solid was then dissolved in dichloromethane (25 mL), 
cooled on an ice bath and ethanolamine (0.40 mL, 6.4 mmol) added to the mixture, 
followed by the addition of triettiylamine (2.3 mL, 16 mmol) and the mixture was then 
stirred overnight at room temperature. The mixture was then diluted with chloroform (50 
10 mL) and washed with 1M hydrochloric add (2* 25 mL) and brine (lx 25 mL) before 

concentrating the solvent to give the crude amide as an oil, which solidified to an off-white 
solid. Without further purification the crude amide was then dissolved in ethyl acetate (10 
mL) to which was added dropwise, a solution of thionyl chloride (0.7 mL, 6.4 mmol) in 
ethyl acetate (3 mL) and die mixture stirred overnight at room temperature before 
15 concentrating to furnish the solid chloro-amide. After dissolving in dichloromethane (10 
mL) and addition of DBU (1 mL, 6.4 mmol) the mixture was refluxed overnight 
Concentration of the solvent and flash chromatography of the resulting gum furnished 2- 
(4^orophenyl)-4,5-dihydro-l,3-oxa2ole (44) as a white crystalline solid (327 mg, 56 % 
overall yield). 



20 



*H NMR (cU-MeOH, 300 MHz): 5 4.09, t (9.6 Hz), H4; 4.57, t (9-5 Hz), H5; 754, d (8.6 Hz), 
2xArH; 7.95, d (8,6 Hz), 2xArH. ESI (+ve) MS: m/zl&lfm (M+H, 100%/32%). 
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Example 45: 2-(4~MethylphenylM,5-dihydro-l / 3-oxazoIe (compound 45) 




Compound 45 

5 />-Toluic acid (05 g, 3.67 mmol) was suspended in thionyl chloride (25 mL) and refluxed 
overnight The excess thionyl chloride was removed in vacuo to furnish the acid chloride 
as a light brown solid. The solid was then dissolved in dichloromethane (25 mL), cooled 
on an ice bath and ethanolamine (0.45 mL, 73 mmol) added to the mixture, followed by the 
addition of triethylamine (2.6 mL, 18.4 mmol) and the mixture was then stirred overnight 

10 at room temperature. The mixture was then diluted with chloroform (50 mL) and washed 
with 1M hydrochloric acid (2x 25 mL) and brine (Ix 25 mL) before concentrating the 
solvent to give the crude amide as an oil, which solidified to an off-white solid. Without 
further purification the crude amide was then dissolved in ethyl acetate (10 mL) to which 
was added drop wise, a solution of thionyl chloride (0.8 mL, 7.3 mmol) in ethyl acetate (3 

15 mL) and the mixture stirred overnight at room temperature before concentrating to give 
the chloro-amide as a brown solid. After dissolving in dichloromethane (10 mL) and 
addition of DBU (1.1 mL, 7.3 mmol) the mixture was refluxed overnight Concentration of 
the solvent and flash chromatography of the resulting gum furnished 2-(4-methyiphenyl)- 
43-dihydro-l>3-oxazole (45) as a white crystalline solid (236 mg, 40 % overall yield). 

20 X H NMR (d r MeOH, 300 MHz): 8 2.45, s, Me; 4.07, t (9.6 Hz), H4; 4.54, t (9.5 Hz), H5; 7.33, d 
(7.9 Hz), 2xArH; 7.86, d (7.9 Hz), 2xArH. ESI (+ve) MS: m/zl62 (M+H, 100%). 
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BIOLOGICAL EXAMPLES 

Biological Example 1: MIF-induced human fibroblast proliferation. 

Methods 

The activity of a compound of formula (I) was studied in a bioassay utilising MEF-induced 
5 proliferation of human dermal fibroblasts. The proliferation of human fibroblasts has been 
demonstrated to be a phenomenon inducible by MDF m . S112 human dermal fibroblasts 
were propagated in RPMI/ 10% foetal calf serum (PCS). Prior to experimentation, cells were 
seeded at 10 5 cells/ ml in KPMI/ 01% BSA for 18 hours. Cells were treated with 
recombinant human macrophage migration inhibitory factor (MEP) 50 ng/ml and / or a 
10 compound of the invention at a concentration of 1 nM. The compound was combined with 
MEP at time point -30 minutes, prior to adding to cell culture at time point zero. At time 
point zero, culture medium was replaced with KPMI/ 10% PCS and treatments 
administered. At time point 30 hours, cells were pulsed with 1 nCi ^-thymidine. At time 
point 48 hours, cells were harvested using a semi-automated cell harvester. The 
15 radioactivity incorporated into DNA was determined by liquid scintillation counting, with 
results expressed as 3 H-thymidine incorporation. 

Significant inhibition of MIF-induced proliferation \yas determined by the demonstration 
of a significant P value (P< 0.05) using the Mann-Whitney U-test. 

Results 

20 2-(2-hydroxyethoxy)-2-(4^ (Compound 1) (cpd 1), 

when used in the method above, significantly inhibited the induction of SI 12 human 
fibroblast proliferation (P < 0.05), as shown in Table 1 and Figure 1. Treatment of cells with 
MEP (+MIF) induced proliferation, but this was prevented by prerincubating MEP with 
Compound 1 (1 nM) (+MD>.+cpd 1) (*P < 0.05). These 'data are consistent with these 

25 compounds exerting inhibitory effects on the biological activity of MDF. 
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Table!. 





Untreated cells 


MIF-treated cells 


MIF-treated cells + 
cpdl at 1 nM 


Mean (cpm) 


3245 


4415 


2994* 


Standard error 


393.1 


4035 


410.7 


Number of 
experiments 


9 


9 


9 



*P<0.05 



Biological Example 2: MEF-dependent IL-1 induced fibroblast cydooxygenase-2 

expression. 

5 Methods 

The activity of the compounds of formula (I) were further studied in a bioassay utilising 
MIF-dependent activation of human dermal fibroblasts. Sampey et a/have shown that 
induction of the expression of cydooxygenase-2 (COX-2) by the cytokine interleukin 1 (IL- 
1) is dependent upon the presence of MEF, i.e. can be prevented using specific anti-MIF 
10 monoclonal antibody itr> . IL-l-induced COX-2 expression is therefore a MIF-dependent 
event 

SI 12 human dermal fibroblasts were propagated in RFMI/ 10% foetal calf serum (PCS). 
Prior to experimentation, cells were seeded at 2x10 s cells/ml in RPMI/0.1% BSA for 18 
hours. Cells were treated with compound at 1-100 pM and 30 minutes later with 

15 recombinant human IL-1 (0.1 ng/ ml). After 6 hours, cells were collected and intracellular 
COX-2 protein determined by permeabilisation flow cytometry, as described by Sampey et 
al m . Cells permeabilised with 0.2% saponin were sequentially labelled with a mouse anti- 
human COX-2 monoclonal antibody and with sheep-anti-mouse F(ab)2 fragment labelled 
with fluordseeinisothiocyanate. Cellular fluorescence was determined using a flow 

20 cytometer. At least 5000 events were counted for each reading; each of which was 

performed in duplicate, and the results expressed in mean fluorescence intensity (MFI) 
after subtraction of negative control-labelled cell fluorescence. 

In Table 2 and Figure 2, the effect of each concentration of 2-(2-hydroxyethoxy)-2-(4- 
hydroxy-3-melhylphenyl)-l,3-dioxolane (Compound 1) was determined by subtracting the 
25 IL-l+compound-treated cell MFI from the IL-l-treated cell MFI, and expressed as % 
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inhibition. Significant inhibition of IL-induced COX-2 expression was determined by the 
demonstration of a significant P value (P< 0.05) using Student s test 

Results 

As shown in Figure 2, cells treated with Compound 1 exhibited a significant reduction in 
5 COX-2 expression as measured by flow cytometry ( P < 0.01). Statistically significant 

inhibition of the induction of COX-2 expression by IL-1 in human SI 12 fibroblast cells was 
demonstrated when cells were treated with Compound 1 (cpd 1) 50 \jM (*P < 0.01). 

As shown in Table 2 and Figure 3, cells treated with 2-(2-hydroxyetitioxy)-2-(4-hydroxy-3- 
methy lpheny 1)- 1,3-dioxol ane (Compound 1) exhibited a dose-dependent reduction in 
10 COXr2 expression as measured by flow cytometry. These data are consistent with these 
compounds exerting inhibitory effects on the biological activity of MDF. 



Table 2. 



Concentration of 
Compound 1 
(MM) 


Mean% 
inhibition COX2 
expression 


Standard error 


Number of experiments 


0.01 


10.5 


9.6 


4 


0.1. 


13i 


95 


4 


1 


15.6* 


8.1 


4 


10 


19.5* 


3.9 


6 


50 


31.4* 


10.8 


8 



*P<0.05 



In Figure 4, the effect of 2-(2-hydbroxyethoxy)^2-(4-hydroxyphenyl)-l / 3-dioxolane 
15 (Compound 2) is expressed as mean fluorescence intensity (MFI), after deducting the MFI 
of control-labelled cells. Significant inhibition of IL-induced COX-2 expression was 
determined by the demonstration of a significant P value (P< 0.05) using Studenf s test 
Significant inhibition of IL-induced COX-2 expression in human S112 fibroblast cells was 
demonstrated in cells treated with Compound 2 (IL-l+cpd2) compared to cells treated with 
20 IL-1 (*P < 0.05). 
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Biological Example 3: MIF-dependent antigen-specific T cell activation. 

Methods 

The activity of compounds of fpnnxila (p was further studied in a bioassay utilising MIF- 
dependent activation of murine T cell activation. The activation of T lymphocytes in 
5 response to exposure to a recall antigen is known to be dependent on the presence of MDF, 
i.e. can be prevented using specific anti-MEF monoclonal antibody* 7 *. Antigen-induced T 
cell activation is therefore a MEP-dependent phenomenon. 

Splenocytes were obtained by Hank's buffered saline flushing of spleens obtained from 
C57B1/6 mice previously immunized with methylated bovine serum albumin .(mBSA, 

10 Sigma Chemical Co., Castle Hill, Australia). Mice were immunized on day 0 with 200 ng 
mBSA emulsified in 02 ml of Freund's complete adjuvant (FCA) injected subcutaneously 
into the flank skin, Qn day 7, the mice received lOOyg mBSA/ 01 ml FCA by intradermal 
injection at the base of the tail. Spleens were removed on day 14 after first immunisation 
and a single cell suspension was prepared in DMEM containing 5% FCS and 0,05% 2- 

15 mercaptoethanol. 1 x 10 s cells /2001 were cultured in triplicate in the presence of mBSA (10 
fig /ml) with or without the addition of 2^2-hydroxyethoxy)-2-(4-hydroxyphenylH/3- 
dioxolane (Compound 2) at a concentration of 100 nM - 10 jaM, 30 minutes before the 
addition of mBSA. The T cell proUfexation response was detennined by measuiin 
amount of [*H] thymidine incorporation during the final 18 hr. The cells were harvested 

20 and radioactivity incorporation into the DNA was measured with a Wallac 1409 liquid 

scintillation counter (Pharmacia, Turku, Finland). Significant inhibition of T cell activation 
was determined by the demonstration of a significant P value (P< 0.05) using Stuclenf s 
test 

Results. 

25 Treatment of spleen cells with 2-(2-hydroxyethoxy)-2K4-hydroxyphenyl)-l,3 i Kiioxolane 

(Compound 2) (cpd2) resulted in a significant dose-dependent reduction in antigen-specific 
T cell activatibn, compared to cells exposed to mBSA without Compound 2 (*P < 0.05) 
(Figure 5). These data are consistent with these compounds exerting inhibitory effects on 
the biological activity of MIF. 
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Biological Example 4: Combination of MEF-antagonist with glucocorticoid: 

effects on MIF-dependent IL-1 induced fibroblast 
cydooxygenase-2 expression. 

A particular aspect of the biological function of MFrdates to its ability to antagonise the 
5 anti-inflammatory effects of glucocorticoids such as dexamethasone, as recently reviewed 
by Morand et al. (4) . This property of MEF suggests that MIF antagonists might exert 
"steroid-sparing 7 ' effects, that is, their use in combination with glucocorticoids might 
permit the achievement of a greater therapeutic effect with a given dose of glucocorticoids. 
Thus, in the presence of MBF antagonists, low doses of glucocorticoids could exert a 
10 therapeutic effect otherwise requiring a higher dose of glucocorticoids. As the adverse 
effects of j^ucocorticoids are in general dose-dependent the ability to reduce the 
requirement for glucocorticoids is clinically desirable. 

The potential for a NflF antagonist to be -'steroid-sparing", therefore, could be 
demonstrated by the observation of enhanced effectiveness of a given dose of 
15 glucocorticoids in the presence of a MIF antagonist 

Methods 

The above in vitro assay (Biological Example 2) for analysing the effect of MIF antagonists 
on iL-1 induced COX-2 expression was performed using 2-(2-hydroxyetho>qr)-2-(4 , - 
hydroxy-3 r -methylphenyl>l>dioxoiane (Compound 1) (50 <*M), dexamethasone (1 hM) or 
20 a combination of dexamethasone (1 nM) and Compound 1 (50 mM). COX-2 expression was 
expressed as the mean fluorescence intensity (MFI) as measured by flow cytometry, after 
deduction of the MFI for control-labelled samples, as described by Sampey etal. m . The 
results are shown in Table 3 and Figure 6. 

Results 

25 Significant enhancement of the inhibitory effects of the glucocorticoid dexamethasone was 
determined by the demonstration of a significant P value (P< 0.05) using Student's test, 
compared to the effect of dexamethasone alone. Compared to ihe inhibition of IL-1- 
induced COJC2 expression adtfeved With 1 hM dexamethasone alone (IL-l+DiEX), a 
significantly greater inhibition of IL-l-induced COX-2 expression was observed when cells 

30 were treated with 1 nM dexamethasone together with Compound 1 50 pM (IL- 

1+DEX+cpdl) (P < 0.05). These data are consistent with these compounds exerting 
inhibitory effects on the biological activity of MOP. 
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Table 3. 





Control 


IL-1 


IL-l+DEX 


IL-l+DEX+cpdl 


MeanCOX-2 

expression 

(MFI) 


0.7400 

t 


4937 


15.13 


6.013* 


Standard 
error 


0.4413 


2.412 


1.770 


2.906 


N 


4 


4 


4 


4 



P<0.05 



Biological Example 5: 



Lack of cytotoxicity. 



A valuable characteristic of a therapeutic material is a lack of toxicity. The compounds of 
5 formula (I) may have low toxicity towards cells. To examine this in vitro, the ability of 2-(2- 
hydroxyethoxy)-2^4-hydroxy-3-methylphenyl)-I>dioxolane (Compound 1) to induce 
apoptosis ("programmed cell death) was investigated. A lack of cytotoxicity would be 
evidenced by the finding of equivalent proportions of apoptotic and viable cells in control- 
and compound-treated cells. 

10 Methods 

To examine the cytotoxicity of compounds of formula (I), SI 12 human dermal fibroblasts 
4|| were exposed to a therapeutic concentration (50 fiM) of 

2-(2-hydroxyethoxy>2-(4-hydro^ (Compound 1) or 

vehicle (control) and analysed for apoptosis by flow cytometric analysis of annexin V and 
15 propidium iodide staining, as described by Leech et al, (19) . Toxicity was assessed by 

analysis of apoptosis using flow cytometric detection of cell surface Annexin V binding and 
propidium iodide staining. At least 5000 events were analysed for each experiment Cells 
positive for both Annexin V and propidium iodide were designated as apoptotic and cells 
negative for both Annexin V and propidium iodide were designated as viable. Results are 
20 expressed as the percentage (%) 6i oells with each of these labels. 



Results. 



The results of cytotoxicity analysis are shown in Figure 7. No significant increase (ns) in 
apoptotic cell numbers, and no significant decrease (ns) in viable cell numbers, was 
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observed in cells treated with 

2K2-hydroxyethoxy)-2-(4-hydroxy-3-m (Compound 1) 

compared to control-treated cells. 

Biological Example 6: MlP-dependent nitrite production in peritoneal 

5 macrophages 

MIF is able to induce or facilitate the expression and release of a wide variety of pro- 
inflammatory and/ or destructive molecules, including the release of macrophage nitric 
oxide (NO) m . A compound with die ability to inhibit the cytokine or biological function of 
MIF might be expected to inhibit the activation of NO production by macrophages. 

10 Methods 

C57BL6/J male mice were injected intraperitoneal^ with 2ml of thioglycolate. Three days 
later peritpneal macrophages were collected by lavaging the peritoneum with 3ml of cold 
Hank's buffered saline solution. Cells from several mice were pooled, washed and re- 
suspended in DMEM supplemented with 5%FCS. Cells were plated in 96 well plastic tissue 

15 culture plates at 1x10 s cells/ well, Cells were treated in triplicate wells with compound or 
vehicle for 1 hour in a 5% CO* incubator at 37 °C Cells were then treated with LPS (10 
ng/ml) and recombinant human interferon-Y (10 uniWml) and incubated for 24 hours. 
After 24 hours, 50 pi of supernatant from each well was carefully removed and transferred 
to ELBA plates. The production of NO was measured by analysing the concentration of 

20 nitrite in culture supernatants, as measured by the Greiss assay m) . The results were 

calculated as the percentage inhibition of nitrite concentration in compound-treated cell 
culture supernatants, compared to that of vehicle-treated cells. 

Results 

Treatment of cells with l-(3-Methyibutyl)-4-(4-methylphenylVliif pyrazole (Compound 13) 
25 0.5 - 100 yM resulted in a dose-responsive inhibition of IPS-H^-induced nitrite 
production (Figure 8). 

Table 4 displays the results for : other compounds tested in this assay* Marked reductions in 
nitrite concentration were observed in the supernatants of cells treated with thee 
compounds. These data are consistent with these compounds exerting inhibitory effects on 
30 the biological activity of MIF. 
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Significant inhibition of nitrite production was determined by the demonstration of a 
significant P value (P< 0.05) using the Mann- Whitney U-test 

TABLE 4 



Compound 


% Inhibition of nitrite 
(±SD) 


Compound concentration 
(MM) 


4 


22±1* 


100 


5 


77+7 


100 


7 


15±1 


100 


9 


16±1 


1 


11 


19±1* 


33 


12 


78±9* 


100 


13 


91±8* 


100 


14 


27±3* 


100 


15 


12±1* 


100 


17 


69±2* 


100 


18 


40±1* 


100 


24 


21±2* 


33 


25 


7±1 


33 


27 


24±1* 


100 


29 


9±1* 


100 


30 


31±2* 


100 


31 


35±3* 


100 


32 


14±4 


100 


33 


47±4* 


100 


34 


24±1* 


100 


35 


18±2* 


100 
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36 


57±1* 


100 


37 


24±1* 


100 


38 


35* 


100 


40 


7±2 


100 


41 


26±1* 


100 


43 


34±1* 


100 


45 


7±1 


100 



*P<0.05 



Biological Example 7: MIF-induced proliferation in mouse fibroblasts 

Methods 

The activity of compounds was studied in a bioassay utilising MIF-induced proliferation of 
5 mouse NIH 3T3 fibroblasts. The proliferation of NIH3T3 fibroblasts has been demonstrated 
to be a phenomenon inducible by MIF m , and MIF-induced proliferation has been linked to 
the pathology of diseases such as rheumatoid arthritis (l6) . NIH 3T3 cells were propagated 
in DMEM/ 10% foetal calf serum (PCS). Prior to experimentation, cells were seeded at 10 4 
cells/ well in 96-well plates in DMEM/ 10% FCS for 18 hours. The media was then replaced 
10 with DMEM/ 0.1% FCS and the cells incubated for a further 18 hr. At time point -1 hr, 
culture medium was replaced with DMEM/0.1% FCS and cells were treated with a 
compound of the invention at a final concentration of 10 jiM or vehicle. At time point zero, 
cells were treated with MIF at a final concentration of 50 ng/ ml. At time point 6 hr the cells 
were pulsed with 1 Ci/ well of 3 H-thyrnidine. At time point 24 hours, cells were harvested 
15 using a semi-automated cell harvester. The radioactivity incorporated into DNA was 
determined by liquid scintillation counting, with results expressed as 3 H-thymidine 
incorporation (cpm). Statistical significance was analysed using the Mann-Whitney test 

Results 

Compounds of the invention were inhibitory of MIF-induced proliferation. Treatment of 
20 cells with MIF induced a significant increase in proliferation (P - 0.006). Treatment with 
2-Methyl-2-(4-methylphenylH/3-dithiolane (Compound 18) 10 \jM resulted in significant 
inhibition of MIF-induced proliferation (*P<0.05) (Figure 9a). In a further experiment, 
treatment of cells with MIF again induced a significant increase in proliferation (P = 0.004). 
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Other compounds of the invention resulted in significant inhibition of MIF-induced 
proliferation (*P<0.05) (Figure 9b). 

Table 5 displays the results for other compounds tested using this methodology. 
Reductions in MIF-induced proliferation were observed in cells treated with all 
compounds listed; where indicated these results were statistically significant These data 
are consistent with these compounds exerting direct inhibitory effects on the biological 
activity of MIF. 

TABLES 





Mean cpm 


Std. Error 


P value (compared 
tonilj 


nil 


inn*7 
lUo/ 


AS (\A 




\VfTC 1 ¥ r<\V>4 aIa 

Mil* + veiucie 




oU.lo 


U.UUo 


Compound (10x m M) 


xviecun cpm 


diu. error 


r value v compared 
to MIF + vehicle) 


7 


1281 


108.1 




8 


1238 


95.07 




9 


1071 


8958 


0.0253 


10 


1187 


60.35 


0.0257 


11 


1245 


185.1 




13 


1015 


6051 


0.0253 


14 


1420 


93 




15 


955.6 


8832 


0.0253 


16 


1335 


159.6 




17 


933.2 


216.5 


0.0253 


19 


1209 


51.21 


0.0257 


20 


1214 


8757 


0.0485 
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21 


1220 


107.2 




22 


1310 


167.1 




23 


1344 


126.8 




24 


1318 


139.3 




25 


1117 


101.4 


0.0253 


26 


1141 


125.2 


0.0356 


28 


1219 


46.09 


0.0364 


29 


1157 


192.4 




32 . 


11% 


98.5 


0.0485 


36 


1033 


35.98 


0.0364 


37 


1045 


11.19 


0.0364 


39 


956.1 


102.6 


0.0253 


40 


1143 


30.89 


0.0364 


42 


1168 


99.8 




43 


1106 


106.4 


0.0116 


44 


1294 


32.62 


0.0485 



4 



Biological Example 8: Mouse endotoxic shock model 

The activity of compounds was studied in the murine endotoxic shock model. In this 
model, features of shock, characterised by increased serum levels of cytokines such as IL-1, 
tumor necrosis factor (TNF), and interleukin 6 (IL-6), are induced by the injection of 
5 bacterial lipoloysaccharide (LPS). The in vivo production of IL-1, IL-6, and TNF in response 
to endotoxin has been previously shown to be dependent on MEF w . Treatment of mice 
with a compound with inhibitory effects on the biological or cytokine activity of MEF could 
be expected to produce inhibition of serum IL-1, TNF, and/or IL-6 levels. 

Methods 

10 Groups of four mice were used in each experiment Endotoxaemia was induced by intra- 
peritoneal injection of lipopolysaccharide (LPS) (5 mg/kg) in 300 \il saline. Mice injected 
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with saline alone were used as a control group. Treatments were administered by intra- 
peritoneal injection at intervals 24 hours and 1 hour before intra-peritoneal LPS injection. 
Mice were treated with saline, compounds dissolved in DMSO/ saline vehicle at a dose of 
5-15 mg/kg body weight or vehicle (containing matching concentrations of DMSO). 

5 After 1.5 hours mice were humanely killed by C02 inhalation then neck dislocation. 

Serum was obtained from blood obtained by cardiac puncture prior to death and measured 
for the concentration of cytokines including IL-1, TNF, and /or IL-6, by ELBA. Statistical 
significance was analysed using the Mann-Whitney test 

Results 

10 Treatment with 2-H©cyI-2-(4-methylphenyl>-l / 3Kiithiolane (Compound 17) was assessed. 
The mean ± standard error of serum IL-1, IL-6, and TNF concentrations at a time-point 15h 
after administration of LPS are presented in Figure 10. Compared to saline, LPS injection 
induced a significant cytokinaemia for each of IL-1, IL-6, and TNF (P<0.05). Treatment with 
2-Hexyl-2-(4-methylphenyl)-l>didiiolane (Compound 17) (shown as cpd 17) at 5 and 15 

15 mg/kg (as shown in brackets) was associated with marked inhibition of UPS-induced 
serum IL-1 (Figure 10a), IL-6 (Figure 10b), and TNF (Figure 10c). In the case of IL-1, the 
inhibition was statistically significant (*P<0.05). These data are consistent with this 
compound exerting inhibitory effects on the biological activity of MBF. 

The effect of additional compounds is presented in Table 6, in which the mean ± standard 

20 error of serum IL-1, IL-6, and TNF concentrations are presented. 

4-(4-Methoxyphenyl)-l-(3-methylbutyl)-l/?-pyrazole (Compound 12), 
l-(3-MethyIbutyl)-4-(4-methylphenyl)-li^pyrazole (Compound 13), and 
2^4-Thien-2-ylphenyl)-l^-oxathiolane (Compound 33) were tested. An inhibitory effect of 
treatment with Compounds 12, 13, and 33 on serum IL-1 was observed at a dose of 5 

25 mg/ kg. An inhibitory effect of treatment with Compounds 12, 13, and 33 on serum IL-6 
and TNF was observed at a dose of 15 mg/kg. These data are consistent with these 
compounds exerting inhibitory effects on the biological activity of MEF. 
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TABLE 6 



CvtolHriP 


Saline 


LPS dIus 
vehicle 


ConiDOiinci 
12 

5m K /kR 


Cbmoound 
13 

5 mg/kg 


33 
5 mg/kg 


IL-1 (pg/ml) 


175±43 


4281168 


286 ±102 


305±51 


360 ±72 


Cytokine 


Saline 


LPS plus 
vehicle 


Compound 
12 

15 mg/kg 


Compound 
13 

15 mg/kg 


Compound 
33 

15 mg/kg 


TL-6 (ng/ml) 


4±4 


118±30 


80 ±16 


92±7 


95 ±14 


TNF (pg/ml) 


189 ±69 


2022 ±1245 


1636 ±468 


1067 ±191 


1152 ±317 
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CLAIMS 

1. A compound of formula (I), or a pharmaceutically acceptable salt or prodrug thereof 



r 



A 




0) 



wherein X and X' are independently selected from -C(Rs) r/ -O-, -S-, -N(Rj)-, or 
taken together form -CfafcQRJ-, -CfRjHST-, -N=C(RsK -NOE^-NCRs)- or -N=N-; 

YaridY* are independently selected from -C(Rs)r, -O, -S-, -NQQ-, or taken 
together form -COg^OR,)-, -C(Rs)=N-, -N=C(Rs)-, -NO^-NORs)- or -N=N-; 

Z is -C(Rs)2-, -O-, -S- or -N(Rs)-, or forms a covalent single or double bond between 
X' and Y, or Z together with X' or Y forms -CCR^CR;)-, -C(Rs)=N-, -N=C(Rs)-, 
-NCRs^-NCRs)- or -N=N-; 

wherein when Z is -O, -S- or -N(Rj)-, X' and Y' are -C(Rs) 2 -; 
when X is -O-, -S- or -N(Rs)-, X' is -CCRjV; 
when Y is -O, -S- or -N(RgK Y is -C(Rs)r; or 

X or Y together with die carbon atom bearing the phenyl group form a double bond 
wherein which ever of X or Y forms part of the double bond is selected from -C(Rs)- 
and -N-; 



R, is selected from hydrogen, Cwoalkyl, C^oalkenyl, Q.^^lkynyl, (A) n C(0)Rj, 
(A) B C(S)R* (AX^bjR* (A^O^Rv (A^OR,, (A),^, {A)M*J, (AjyCf-NIUR,, and 
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(A) n R n , or when X or Y together with the carbon atom bearing the phenyl group 
form a double bond, R t is absent; 

R 2 and R4 are independently selected from hydrogen, C w alkyl and (A) m R 12 ; 

R 3 is selected from C^alkyl, (A)Jl l7 , (A) m aryl and (Ajjheterocydyl; 

5 R 5 is selected from hydrogen, Chalky!, C^alkenyl, C 2 .2oalkynyl, (A) n C(0)R^ 

(A) n C(S)K (A) n S(0)R* (A^SCO)^ (A) n OR 7/ (A) n SR 7 , (A)pN(Re), (A) n C(=NR 9 )R 1D and 
(A)„R U ; 

is selected from hydrogen, C 1 . 20 alkyl, Q.joalkenyl, C 2 .2oalkynyl> OH, OCi. 10 aIkyl, 
OC 2 . I0 alkenyl, OC^oalkynyl, OCA)^ Sli SCMoalkyl, SQ.toalkenyl, SQ.K^lkynyl, 
10 S(A)JL 1V NCR^ [NH-CH(R a4 )C(0)] 9 -OIi [NH^M^^OE-OCa^alkyl, [sugar] 8 

and (A)^n; 

R 7 is selected from hydrogen, Q.2oalkyi, C^alkenyl, Q.joalkjrnyl, (AJqRn, C(0)H, 
C(O)C W0 alkyl, aOCj.ioalkenyl, aOQ.toalkynyl C(0)-aryl, C(0)(A) q R 11/ C(0\H, 
CCO^oalkyl, aOJjCwoalkenyl CCO^oalkynyl, C(0) r aryl aO) 2 (A),R lv C(S)H, 

15 C(S)C wo alkyl C(S)Q. 10 alkenyl, CCSJQ.ioalkynyl, C(S)-aryl, aSXA)^ C(S)OH, 

C(S)OC vl0 alkyl CCSJOQ^oalkenyl, C(S)CXi 10 alkynyl / C(SX>aryl, qsXXA)^ 
S(0)fl,S(0)A-ic^lS(0)A-i(^enyl, S{0) A^kjrnyl, SCO)rSryl S{0) t (A)^ 
[C(0)CH(R 14 )NH] r Ii [C(0)CH(R jNHL^Moalkyl, [ap)CH(R 14 )NH] 8 -Q. 10 alkenyl, 
[C(O)CM(R 14 )NH] a <: M0 alkynyl, [C(0)CH(R i4 )NH] B .aryl / [C(0)CH(R 14 )NH] r (A) q R„ 

20 and [sugar],; ^ 

each Re is independently selected from R 7 and NHC(=NR 15 )NH 2 ; 
R$ is selected from hydrogen and C^alkyl; 

R 10 is selected from C^alkyl, NH* NH(Cv 3 alkyI), NCQ^alkyl)* OH, OC w alkyl, SH 
and SQ. 3 aIkyl; 

25 R u is selected from OH, OC^alkyl, OC V3 aIkyI<K:i_ 3 alkyl / O-aryL Oheterocyclyl, 

OraOKHCR^NHJJH, [sugarL SR SC^alk^;^ S-aryt 
S-heterocyclyl, S[C(0)CH(R a4 )NHJJH, halo, C(0)R 16 , CN, CCMs, aryl and 

heterocydyl; 



R n is selected from OH, SH NH* halo, NO*, COM* OC(R 17 ^ and CN; 
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each R u is independently selected from hydrogen, C^alkyl, C^alkenyl, Cj^alkynyl 
and (A) q R n ; 

R M is the characterising group of an amino acid; 

each Rtf is independently selected from hydrogen, C^aDcyl, C^alkoxyC^alkyl, aryl 
5 and heterocyclyl; 

R 16 is selected from C^alkyl OH, C^alkoxy, aryl, aryloxy, heterocyclyl and 
heterocydyloxy; 

each Rxj is independently selected from hydrogen and halogen; 

A is optionally substituted methylene wherein when n > 1, any two adjacent A 
10 groups are optionally interrupted by -O, -S- or -NCR^)-; 

where n is 0 or an integer selected from 1 to 20; 

m is 0 or an integer selected from 1 to 3; 

p is an integer selected from 1 to 20; 

q is an integer selected from 1 to 10 

15 s is an integer selected from 1 to 5; 

t is an integer selected from 1 or 2; and 

wherein each alkyl, alkenyi , alkynyl, aryl and heterocyclyl may be optionally 
substituted. 

2. A compound according to claim 1 of formula (II), or a pharmaceutically acceptable 
20 salt or prodrug thereof 
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R 3 



wherein X and Y are independently selected from -O, -S-, -NOR5)- and -C^V; 

Z is -€(1X5)2- or is a covalent bond between adjacent methylene groups; 

Ri is selected from hydrogen, Ci.2oalkyl, Cj.zoalkenyl, C2.20alk.ynyl, (A) n C(0)Rt, 
5 (A) B C(S)R 6 , (A^OJR* (AXtfOjjR* (A^OR,, (A),^, (AJ^Og, (A) n C(=NR,)R 10 and 

R 2 and R* are independently selected from hydrogen, djalkyl and (AJdR^ 

R 3 is selected from C w alkyl, (A)„R,2, (A) m aryl and (A)mheterocydyl; 

Rs is selected from hydrogen, Cwoalkyl, Q^alkenyl, C^zoalkynyl, (A) n C(0)R4, 
10 (AXOTR* (A^COR* (A^O)^ (A^OR* (A^R,, (A)pNCRe), (A^N^R* and @ 

(A)„R n ; 

R« is selected from hydrogen, Cugalkyl, C2.2aalkenyl, Q.joalkynyl, OH, OCMoalkyl, 
OC2. 10 alkenyI, OQ.joalkynyl, 0(A),R„, SH, SQ.walkyl, SQ.«alkenyl, SQ.ioalkynyl, 
SCA)^ N(R,3)2, [NH-CH(R 14 )C(0)],-OH, [NH-GHfR^OL^^alkyt [sugar], 
15 and (A)^- 

R 7 is selected from hydrogen, C^kyl C^oalkenyl Cj^alkynyl, (A)^y C(0)H, 
C(O)C M0 a!kyl C(O)C 2 . 10 alkenyl, qOK^oalkynyl, C(0)-aryI, C(G){A)^ C(0)Ji, 
C(O)2Q. 10 aIkyl, CCO^oalkenyl, CCO^ooalkynyl, QO^aryl, C(OUA)jR lv C(S)H, 
C(S)C MO alkyI, C(S)C2. 10 alkenyl, C(S)Q. 1D alkynyl, C(S)-aryl, C(S)(A),R av C(S)OH, 
20 C(SpC M0 alkyl, C(SK>Q. J1) alkenyl C(S)OC2. 10 alkynyl, C(S)Oaryl CCSKXA)^,, 

S(0),H, S<0) t C W oalkyl S(0) t C 2 -ioalkenyl, S(0)A.walkynyl, S(0),-aryl, S{OUA)^ v 



2004/089927 



PCT/AU2004/000453 



115 

[C(0)CH(RJNH] 8 -H, [C(0)CH(R J4 )NH],-C a . 10 alkyl / [C(O)CH(R l4 )NH] 5 -Q. 10 alkenyl 
[aOjCHfR^NHarQ^oalkynyl [C(0)CH(R M )lSfH] 8 -aryl [CCOJ^R.JNIflrCA^n 
and [sugark 

each Re is independently selected from R 7 and NHC(=NRi5)NH2; 
R, is selected from hydrogen and C^alkyl; 

R 10 is selected from C^alkyl NH* NHfQ^alkyl), NCQ^alkyl)^ OH, OC^alkyl SH 
and SC 1 . 3 alkyl; 

R u is selected from OH, OC w alkyl, OCj^alkyl-0-C w alkyl O-aryl, O-heterocydyl, 
0[C(0)OT(R JNHLH, [sugarL SH, SC^alkyl, SC^alkyl-p-C^alkyl, S-aryl 
S-heterocydyl, S[C(0)CH(R u )NHlJi halo, N(R 15 > 2 , CfOjR*, CN, CtRy,)* aryl and 
heterocyclyl; 

R u is selected from OH, SH, NH* halo, NO* CCR^ OC(R 17 ) 3 and CN; 

each R u is independently selected from hydrogen, C w alkyl, Q^alkenyl, C 2 ^alkynyl 
and (A)^,; 

R 14 is the characterising group of an amino acid; 

each R 15 is independently selected from hydrogen, C^alkyl, C^alkoxyC^alkyl, aryl 
and heterocyclyl; 

R 16 is selected from C w alkyl, OH, C M aIkoxy, aryt aryloxy, heterocyclyl and 
heterocydyloxy; 

each R17 is independently selected from hydrogen and halogen; 

A is optionally substituted methylene wherein when n > 1, any two adjacent A 
groups are optionally interrupted by -O-, -S- or -N(Rj^-; 

where n is 0 or an integer selected from 1 to 20; 

m is 0 or an integer selected from 1 to 3; 

p is an integer selected from 1 to 20; 

q is an integer selected from 1 to 10 
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s is an integer selected from 1 to 5; 
t is an integer selected from 1 or 2; and 

wherein each aDcyl, alkenyl , alkynyl, aryl and heterocydyl may be optionally 
substituted. 

5 3. A compound according to daim 2 wherein 
X is -O, -S-, -NH- or -CH r ; 
Yis-O.-S-or-NRs-; 

Z forms a covalent bond between adjacent methylene groups; 

is selected from C x .2oalkyl, C^zoalkenyl, OKA) q O-C w alkyl, 0(A) q -heterocydyl, 
10 0-(A) q -sugar, CMA) q O[C(0)CH(Ri4)NH] 8 -Ii (A) n OH, (AJJDC^alkyl, 

(A^OCLaoalkenyl, (A) n OC(0)C 1 ^ a alkyl (A) n OC(O)C 1 . 20 alkenyl, (A) n OC(0)aryl, 
(A) n O[C(0)CH(R 14 )NH] r H (A) n O[sugarL (A) n NHC 1 . 20 alkyl / (A) n N(C l . 20 alkyl) 2f 
(A^Q.^alkenyl, (A) n N(C 1 . 20 alkenyl) 2/ (A)^C(O)C V20 aIkyl, 
(AJ^NHC^C^aoalkenyl (AX.NMCfOjaryl, (AjJNHlCCOKlHtR^NHl^H, 
15 (A)^-[sugar3 v (A)^^(A)^ 

(A) n C(O)C 1 . 20 alkyl (A^aOC^^alkenyi, ( A^CO^, (A^COA^alkyi 
(A^COjC^enyl, (A^CCOJNHQ^alkyl, (A^aOMC^lkyl)^ 
(A^QONHQ.zpalkenyl (A^aONCC^joalkenyl)^ (A) n C(0)[NHCH(R 14 )C(0)]3-OIi 
(A) n C(0)[sugar] 8 ; wherein A is methylene optionally substituted one or two times gg£ 
20 with a group that is independently selected from Q^alkyl, C^alkenyl, Q^alkynyl, 

halogen, OH, OC^alkyl, CO a H, COjC^alkyl, NH* NHC^alkyl, -NCC^alkyi)* CN, 
NO* aryl or heterocydyl; R M is the characterising group of an amino add, n is 0 or 
an integer from 1 to 20 and s is an integer from 1 to 5; 

R 2 is hydrogeivC^alkyl OH SH, NH* -NO* CF3, halo or -GN; 

25 R 3 is hydrogen, Q-QalkyL -(CH^NH^ -(CH^-OH, ^CH 2 ) m -CF3, -(CH^-SH or a 5 

or 6 membered heterocyclic group, wherein m is 0 or an integer from 1 to 3; 

R< is hydrogetv C^alkyl OH, SH, NH* NO* CF3, halo or CN; 

A is unsubstituted methylene or mono-substituted methylene. 



4. 



A compound according to daim 2 wherein 
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Xis-0-,-S-,-NH-; 
YisO-,-S- or-NORs)-; 

Z forms a covalent bond between adjacent methylene groups; 

Ri is Q-Qoalkyl Q-Qgalkenyl Q-Qoalkynyl, (A^QOJR^ -(AXOTR* -(A)„S(0)R*, 
5 <A)^(0)^ -(AfcPR* -(AX.SR,, -( A)M**h, ( A) n C(=NR 9 )R 10 or (A)„R U where n, R* 

R* Ra, R* Rxo and R„ are defined above; 

R 2 is hydrogen, methyl, OH, OCH3, SH, NH* NO* CF* halo or CN; 

R 3 is C^alkyl, ^CH^roNH* -(CH 2 ) m -OH, -(CH 2 ) m SH or heterocydyl where m is 
defined above; 

10 R4 is hydrogen, methyl, OH, OCH3, SH, NH* NO* CF3, CF* halo or CN. 

5. A compound according to claim 2 wherein 
Xis-O-orNH; 

Y is -O- or -N(R 18 >- where R M is selected from hydrogen, C 1 . 2 oalkyl / C : , 2 oaIkenyl / 
G^alkenyl/ Qiayalkynyl and (GH^Rn where R u and n are defined above; 

15 Z forms a covalent bond between adjacent methylene groups; 

Rj is hydrogen, halomethyl, OH, OCH3, SH, NH* N0 2 or CN; 

R 3 is hydrogen, C^alkyl, (CH^NH* (CH^OH or (CH^CFa or heterocydyl where 
m is defined above; 

R< is hydrogen, methyl, OH, OCH3, SH, NH* N0 2 or CN. 
20 6. A compound according to daim 1 of formula (ID) 
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(in) 



wherein 



Xis -O- or -NH-; 

Y is -Or or -N(R W )- where R 18 is defined above; 
5 R 3 is hydrogen, NH^ OH; 

is hydrogen, methyl, OCH3, or OH. 

7. A compound according to daim 6 wherein R t is selected from (A^OI^ where n is 0. 

8. A compound according to daim 1 wherein 
Xis-S-; 

10 Yis-N(Rs)-; 

^is-CfRs)*-; 
Y'is-CORs)^ 

Z forms a covalent bond between X' and Y\ 

9. A compound according to daim 8 wherein 
15 Y is -NH-; 

X' is-CH r ; 
Y f is-CH 2 -; 
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R^sH. 

10. A compound according to claim 1 wherein 
X and Y are each -O; 

X' and Y are each -COUr; 
5 Z forms a covalent bond between X' and Y'. 

11. A compound according to claim 10 wherein 
X' and Y are each -CH*-; R, is H. 

12. A compound according to claim 1 wherein 

X and X* taken together form -C(Rs)«N-; 

10 Y is -QRs)- and taken toge ther with die carbon atom bearing the phenyl group 

forms a double bond; 

Y'is-Nfo)-; 

Zfonraa^ 

13. A compound according to claim 12 wherein 
15 Yis-CH-; 

Xis-CH-. 

14. A compound according to claim 1 wherein 
X and X' taken together form -C(Rs)==N~; 

Z together with T forms ^(RjKXRs)-; 

20 Y is -CCR5)- and together with the carbon atom bearing the phenyl group forms a 

double bond. 

15. A compound according to claim 14 wherein 
Xis-C(OCH 3 ); 
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Z together with Y forms -C(OCH;J=CH-; 
Yis-CH-. 

16. A compotind according to claim 1 wherein 
X'is-aRsV; 

5 Y'is-C(ig r ; 

Zis-OR^; 

X and Y are each-O. 

17. A compound according to claim 16 wherein 
X, Y and Z are each -CH 2 ~; R, is H. 

10 18. A compound according to claim 1 wherein 

X and Y are each-S-; 

X I and Y' are each -C(fc V; 

Z forms a covalent bond between X' and Y. 

19. A compound according to claim 18 wherein 
15 X 1 and Y are each -CH r ; R x is H, 

20. A compound according to claim 1 wherein 
Xis-S-; 

Yis-O; 

X and Y' are each -C(RsV; 
20 Z forms a covalent bond between X' and Y. 

21. A compound according to claim 20 wherein 
X and Y are each -CH r . 
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22. A compound according to claim 1 wherein 
X and X' taken together form -<XRs)=C(R 5 )-; 
Z together with Y' forms -C(R£=C(&^; 

Y is -C(Rs)- and together with the carbon atom bearing the phenyl group forms a 
5 double bond. 

23. A compound according to claim 22 wherein 
X and X 1 taken together form -CH==CH-; 

Z together with Y forms -CH==CH-; 
Yis-CH-. 

10 24. A compound according to claim 1 wherein 

Y is -N- and taken together with the carbon atom bearing the phenyl group forms 
double bond; 

Xis-O; 

X' and Y are each -CORD- 
IS Z forms a covalent bond between X' and Y'. 

25. A compound according to claim 24 wherein 
X , and Y are each -CHa-. 

26. A compound according to claim 1 wherein 
X and Y are each -CfRsV; 

20 X and T are each -N(R;>-; 

ZisCQRgk 

27. A compound according to claim 1 wherein 
Xis-O-; 
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Y' is -N(RsK* 

X' and Y are each -CXRsV- 

28. A compound according to claim 1 wherein 
X and X f are each -C(Rs)r; 

5 Yis-N(Rs)-; 

Y'isCORsV; 

Z forms a covalent bond between X and Y\ 

29. A compound according to claim 1 wherein 
Xis-NCRs)-; 

10 X % is-C(R 5 ) r ; 

Yis-CCRsV; 
Y'is-NCRs)-; 

Z forms a covalent bond between X 1 and Y\ 

30. A compound according to claim 1 wherein 
15 X and X' are each -CXR^- 

Yis-COR^r; 
YMs-NfR,)-; 
Zis-C(Rs) 2 - 

31. A compound according to claim 1 selected from the group consisting of: 
20 2-(2-hydroxyethoxy)-2^4^ 

2-(2-hydroxyethoxy)-2-(4-hydroxyphenyl)-l / 3-ioxolane; 
2-(2-hydroxyethoxy)-2^M>ro^ 
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2-(4-Bromophenyl)-l^-thiazolane; 

Z-C^MethoxyphenylJ-l^thiazolane; 

^(l^Thiazolidin-Z-yObenzonitrile; 

2-(4-Hydroxy-3-methoxyphenyl)-l,3-thiazolane; 

2-(3 / 4-Dimetihoxyphenyl)-l>-thiazolane; 

Methyl 4-[2-(4-fluorophenyl)-l>3-dioxolan-2-ylIbutanoate; 

4-[2-(4-Huorophenyl)-l/3-dioxolan-2-yl]butan-l-ol; 

2-(4'-Bromophenyl)-2-butyH / 3-<iioxolane; 

4-(4-Methoxyphenyl)-l-(3-methylbutylHi*pyr 

1- (3-MethyIbutyl)^4-me&^ 

2 / 6-Dimeihoxy-3-[4-(trifluoromethoxy)phenyI]pyridix^ 

2- [^(2-Thienyl)phenyl]-l^tIiiazolane; 
2>Etiiyl-2-(4-metfioxyphenyl)-l / 3-dioxolane; 
2-Hexyl-2-(4-methylphenyl)-l / 3-ditfuolane; 
2-MeAyi-2-(4-methylphenyl)-l><UtHolane; 
2-Hexyl-2-(4-methylphenyi)-l / 3-dioxolane; 
2-(4<MorophenylV2-methyl-l / 3-dioxane; 
2-(4^Worophenyl)«2-methyl-l><iioxolane; 
2-Meth3^1-2-(4-methylphenyl)-l/3 ;L dioxane; 
2-Meliiyl-2-(4-methylphenyl)-l><iioxolane; 
2^Chlorophenyl)-2-methyl-l^litiuolane; 
2-(4-Nitrophenyl)-2-'methyH r 3-ciioxoIane; 
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2-(4-Nitrophenyl)-2-methyH,3-ciioxane; 
2-(4-MethoxyphenylH/3-oxathiolane; 
2-(3A5-Trimethoxyphenyl)-l / 3-oxathiolane; 
2-Methoxy-4-(l / 3-oxathiolan-2-yl)phaiol; 
^(l.S-Oxatihiolan^-ylJbenzonitrile; 
2-(4-Bromophen3dV2-€thyM,3-oxathiolane; 
4^(5-Methyl-l / 3-oxathiolaiv2-yl)benzonitrile; 
2^4-Thien-2-ylphenyl)-l>oxathiolane; 
4-(5-Methyl-2K>ctylTi;^ 
2-Huoro-5-(5-methyi-l^^ 
^Methoxy^Mtrifluoromethoxy^Xr-biphenyl; 
2,6-Dimethoxy-3-[4^trifluoitmiethyl)ph 
2-(4rbromophenyl)-2-butyl^pr6pyM / 3-oxathiane; 
4-(lA-Dioxolan-2-yl)benzenecaibonitrile; 
2^3^Dimethoxyphenyl)-2-hexyl'-l / 3-dioxolane; 
2-(4<Ihlorophenyl)-2-ethyl^metiiyl-l / 3-dioxolane; 
5^5,5-Diethyl-l,3<Uoxan-2-yl)-2-fta^ 
2~(4<lWorophenyl)^ > 5-dihydro-l < 3<>xazok 
2^4-Methylphenyl>4>5Ki&^ 
32. A compound according to claim 31 selected from the group consisting of: 
2^2-hydroxyethoxy)-2-(4-hy^ 

2^2-hydroxyethoxy)-2-(4-hydroxyphenyl)-l / 3-dioxoIane; 
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2-(2-hydroxyethoxy)-2-(3-b^ 

Methyl 4-[2^4-fluorophenyl)-l,3-dioxolan-2-yl]butanoate; 
^^-(^HuorophenylV^S-^oxolan^-yllbutan^lrol; 
2-(4'-Bromophenyl)-2-biityM / 3-<iioxolane; 
4r(4-Methoxyphenyl)-l-(3-^ 

1- (3-Methylbutyl)^(4-methylphenyl)-li^pyrazole; 
2,6-Dijtt\ethoxy-3-[4-(t^ 

2- E4-(2-Thieiiyl)pheiiyl]-l / 3«thiazolane; 
2-Ethyl-2-(4-mettioxyphenyl)-l>3-dioxolane; 
2-Hexyl-2-(4-mediylphenyl)-l^dithiolane; 
2-Hexyl-2-(4-methylphenyl)-I / 3-dioxolane; 
2-(4-Bromophenyl)-2-ethyH / 3-oxatfaiplaiie; 
4-(54tfethyM>oxathiol^ 
2-(4-Thien-2--ylphenyIH/3-oxatiiiolane; 
^S-Me^l^HX^l-l^xatHolan^-ylJphenol; 
2-Huoro-5^5~methyl-l,3<>^ 
4-Methoxy^Mtrifl^ 
2^Dimettibxy-3-[4-^ 

2-(4-bromophenyl)-2-butjd^propyI-l / 3<>xathiane; 

4- (l^IXoxoIan-2-yi)benzenecaAortttrile; 
2^4-CMorophenyl)-2^Ayl-4-methyl-l / 3-dioxolane; 

5- (5^Diethyl-l,3Kiioxan^ 
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33. A compound according to claim 1 selected from the group consisting of: 
2^2-hydroxyethc^)-2~(4^ 

4-(4rMed\oxyphenyl)-l-(3-methylbutyI)-lJ¥pjnrazole; 
1^3-MethylbutyI)^(4-methylphenyl)-l^pyrazole; 
5 2-Hexyl-2-(4-methylphenyl)-l><iithiolane; 

2-MeAyl-2-(4-methylphenyl)-l>dithiolane; 

2-(4-Thien-2-ylphenyl)-l / 3-oxathiolane; |?| 

^Methoxy^-CtrifluoromethoxyV^l'-biphenyl; 

2,6-Dmethoxy«3-[4-(tri^^ 

10 34. A method of inhibiting cytokine or biological activity of MIF comprising contacting 
MIF with a cytokine or biological inhibiting amount of a compound according to 
any one of claims 1 to 33. 

35. A method of treating, preventing or diagnosing; a disease or condition wherein MIF 
cytokine or biological activity is implicated comprising the administration of a 
15 treatment prevention or diagnostic effective amount of a compound according to 

any one of claims 1 to 33 to a subject in need thereof. 



36. The use of a compound according to any one of claims 1 to 33 in the manufacture of 
a medicament for the treatment prevention or diagnosis of a disease or condition 
wherein MIF cytokine or biological activity is implicated. 

20 37. A method according to claim 35 or a use according to claim 36 wherein the disease 
or condition is selected from the group consisting of autoimmune diseases, tumours 
or chronic or acute inflammatory diseases. 

38. A method or use according to claim 37 wherein the disease or condition is selected 
from the group consisting of: rheumatoid athritis, systemic lupus erythematosus, 
25 ulcerative colitis, Crohn's disease, multiple sclerosis, psoriasis, uveitis, 

atherosclerotic vascular disease, asthma and chronic obstructive pulmonary 
disease. 
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39. A method according to claim 35 wherein the subject is a human subject. 

40. A pharmaceutical composition comprising a compound according to any one of 
claims 1 to 33 and a pharmaceutically acceptable carrier , diluent or excipient 

41. A pharmaceutical composition according to claim 40 further comprising a 
5 glucocorticoid. 

42. A method of treating or preventing a disease or condition wherein MIF cytokine or 
biological activity is implicated comprising: 

administering to a mammal a compound according to any one of claims 1 to 33 or a 
pharmaceutically acceptable salt or prodrug thereof and a second therapeutic agent 

10 43. A method according to claim 42 wherein the second therapeutic agent is a 
glucocorticoid. 

44. A method of prophylaxis or treatment of a disease or condition for which treatment 
with a glucocorticoid is indicated, said method comprising: 

administering to a mammal a glucocorticoid and a compound according to any one 
15 of claims 1 to 33 or a pharmaceutically acceptable salt or prodrug thereof. 

45. A method of treating a steroid-resistant disease or condition comprising: 

administering to a mammal a glucocorticoid and a compound according to any one 
of claims 1 to 33or a pharmaceutically acceptable salt or prodrug thereof. 

46. A method of enhancing the effect of a glucocorticoid in mammals comprising 

20 administering according to any one of claims 1 to 33 simultaneously, separately or 

sequentially with said glucocorticoid. 
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Figure 3 
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